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PART I 


MICROBIAL BIOLOGY: INFECTION 
AND IMMUNITY 

CHAPTER 1 

MICROBIOLOGY AND MEDICINE 

Microbiology is one of the younger biological sciences. Although its 
paternity is rather nebulous, the first productive seed was implanted 
by a French chemist, Louis Pasteur, who a century ago was persuaded 
to turn his inquisitive mind from a study of tartrate crystals to the 
troubles that were affecting the tvine industry in France. Pasteur, 
brooding over the age-old phenomenon of fermentation, which has given 
us both bread and wine, was not prepared to accept the pontifical 
pronouncements of the leading chemists of the day that this was a 
chemical reaction. Having satisfied himself that the souring of milk 
was due to the formation of lactic acid by multiplying bacteria, he 
proceeded to turn sugar into alcohol with only ammonia and some 
organic salts as a source of nutriment for the growing yeast cells. He 
concluded his paper in 1857 with these words: “Alcoholic fermentation 
is an act correlated with the life and with the organization of these 
(yeast) globules, and not with their death or their putrefaction”. 

In his early work in microbiology Pasteur also made the fundamental 
observation that certain bacteria (which he called anaerobic) would grow 
only in the absence of oxygen, a momentous discovery at a time when 
oxygen was still regarded as the essential elixir for all living creatures. 
A few years later, his monograph on “The Study of Wines” and his 
demonstration of the value of ^fferential heating — or pasteurisation as 
we now call it — revolutionised the whole wine and beer industry of 
Europe and established the importance of microbiology in industry. 

Joseph Lister, an English surgeon workii^; in Scotland, saw in 
Pasteur’s work on fermentation a possible explamtion of the tragic fate 
that befell so many of his patients i^o after injuiy or amputation were 
dying like flies of hospital gangrene and ‘ ‘blood poisoning ”. By placing 
an antiseptic dressing over the open wound, he prevented bacteria in 
the environment from getting access to the susceptible tissues and so 
satisfled himself that putrefaction or sepsis was caused, like fermentation, 
by these! nvisible but living microbes which Leeuwenhoek, two centuries 
earlier, had called his “little animals”. A little later, the surg^ 
Ogston, in Aberdeeen, showed that grape-like clusters of coed, vduch 
he named staphylococci, were the common cause of abscesses. 

In an era dominated by the physical sciences it required great 
cohr^e jand pertinacity as well as ingenuity and technical skill for these 
pioneers in microbiology to persuade their fellows of the validity of die 
new gospeL However, they had strong support from one of die out- 
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Standing physicists of the day, John Tyndall, who interested himself 
in the new biological science and gave us intermittent sterilisation (or 
tyndalUsation); he was, incidentally, one of the first observers to note 
the antibacterial properties of the mould penicillium. About this time 
Robert Koch, a country doctor in Germany, became painfully aware 
of the havoc which a disease called “splenic fever” was causing among 
the sheep and cattle of the farming community. By most ingenious 
method devised in a home-made laboratory, Koch was able to prove 
that a large square-ended rod was constandy present in the blood of 
animals dying of splenic fever, that this microbe could bcj grown and 
purified from contaminants on nutrient jelly, and when ihjected into 
laboratory a n i m als could reproduce an infection identica with that 
which killed the cow and the sheep. This was the first wholw satisfying 
evidence that a specific germ, the anthrax bacillus, was the\cause of a 
specific disease. And so, by 1880, the new science of microbiology 
was firmly founded and its importance in the economy of meh, animals s 
and industry was beginning to be appreciated. 

Mention may be made here of two early offshoots of this science — 
immunology and virology — in which Pasteur was involved. He was 
the first to extend Jenner’s protective vaccination, a word coined by 
Pasteur in honour of Jeimer’s work with cowpox, by the use of living 
attenuated cultures of pathogenic microbes against important infections 
like anthrax, swine erysipelas and chicken cholera, and today the 
attenuated vaccine is being used with outstanding success in such diverse 
diseases as tuberculosis, yellow fever, poliomyelitis, dog distemper and 
contagious abortion of cattle. 

Pasteur’s contribution to virology was equally fertile. From his 
boyhood days in the Jura hills, he had known of the horrible deaths tha t 
nught follow the bite of a wolf or a mad dog, and in due course he turned 
his attention to the aetiology of rabies. After some false trails, his 
assistant Roux eventually injected some of the infective material into 
the brain of a dog, which fourteen days later developed rabies. Thus 
the use of selective living tissue for the growth of viruses — which today 
is practised on an enormous scale — was bom in Pasteur’s laboratory 
and this experimental work with rabies led on to the anti-rabies vaccine 
which was his last great effort in the field of immunology. Later, the 
demonstration of bacterial toxins by both French and German workers 
WM tlw precursor of antitoxin therapy by von Behring, leadii^ on to 

Ehrhch s concept of “magic bullets” and so to our modem chemo- 
therapy. 


This brief historical sketch illustrates the importance of micro- 
biology as an applied science, particularly in fermentation processes anc 
m mfectious diseases. The term microbiology (as originally used bj 
Pasteur) a preferred to bacteriology since it includes in the preseni 
context viruses, fungi and protozoa in addition to bacterisk Only s 
sn^ proportion of the myriads of microorganisms that abound ir 
nature are disease-producing or pathogenic for man; most of th< 

SSalKS® mucous membranes are non- 

pathogenic and are often referred to as commensals (table companions) 
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or if they live on food residues, as in the intestine, they may be called 
sa^ophytes. The term saprophyte is, however, commonly used in a 
wider sense to denote free-living bacteria in soil, water and decaying 
matter. In contrast, a parasite may be defined as a microm'ganism or 
some larger species {e.g. worms) that lives in or on, and obtains its 
nourishment from, a living host, and is potentially pyogenic. Some 
of the commensal bacteria which constitute the resident flora of the 
skin and mucous membranes may also be potentially pathogenic in 
the sense that they may initiate infection under certain circumstances, 
as when coliform bacilli from the gut set up infection in the urinary 
tract or when mouth streptococci become attached to diseased heart 
valves and cause endocarditis. 

Medical microbiology is concerned with the aetiology, pathogenesis 
(mode of infection), laboratory dis^nosis and treatment of infection in 
the individual and with the epidemiology (study of mass disease) and 
control of infection in the community. It therefore has close links with 
several other disciplines into which the training of the doctor has been 
divided to form the medical curriculum, e.g. pa^ology, clinical medicine 
and surgery, pharmacology and therapeutics, and preventive medicine. 

The changes that occur in the host’s tissues as die result of infection 
are often recognised by the pathologist as specific or pathognomonic 
of a particular pathogenic microorganism, e.g. the circumscribed boil 
of the staphylococcus, the spreading cellulitis of the streptococcus, 
the red liver-like appearance (hepatisation) of the lung in pneumo- 
coccal pneumonia, the tubercles and the subsequent necrotic dianges 
(called caseation) of tuberculosis, the aortic disease and granulomata 
(gummata) of syphilis, and the typical intestinal ulcerations of typhoid 
fever and the dysenteries. But the prudent pathologist will usualfy 
seek to confirm' Us dh^osis of the cause of these macroscopic changes 
by taking smears and cultures from the lesions to demonstrate die 
microscopic germ. The pathology of infection provides a fascinating 
but relatively unexplored field of study since it includes the affinity of 
pathogens for particular tissues and the initiation of infection as well 
as the characteristic tissue reactions. 

Microbiology has a close link with curative medicine in regard to 
the precise diagnosis and the rational treatment of microbial diseases. 
Certain infections are not ordinarily transmissible from one person to 
another, e.g. the urinary tract infections or subacute bacterial endo- 
carditis, and for these the term endt^enous (or auU^enous) infection may 
be used although an autogenous infection, for example, a boil resuhing 
from infection with a staphylococcus on the victim’s sldn or nose 
may be inf actions in the sense of being transmissible to another pemmi. 
Most of ffie common fevers— measles, whooping-cough, chidken pox, 
etc. — axt infectious otcommuniaAle diseases. However, certain infections 
that are transmissible from aninud hosts to man, called the zoonoses, 
are not ordinarily communicable from man to man, e.g. bubonic 
plague, brucellosis, rabies. 

The doctor engaged in the care of sick patients, be he general 
practitioner, sui^^ or offier m^ical spedah^ will ofiten be able to 
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identify the pathogenic microorganism from the special clinical features 
of an infection and will accordingly prescribe the appropriate treatment. 
Sometimes the patient presents with a fever but no characteristic si^ 
or symptoms that will allow the doctor to make a precise diagnosis; 
this pyrexia of unknown— or uncertain— origin (P.U.O.) will require 
laboratory help to elucidate die cause of the fever. Even when the 
doctor identifies the infection from the patient’s signs or symptoms— 
sore throat, acute diarrhoea, pneumonia, meningitis — ^he will still need 
laboratory help since many of these syndromes are caused by different 
kinds of microorganisms, e.g. acute diarrhoea may be djue to a wide 
range of pathogenic bacteria, viruses and protozoa. Mcieover, some 
of these pathogenic bacteria which are ordinarily sensitive to certain 
anti-microbial drugs, may acquire drug-resistance. Therefore with 
modern selective chemotherapy the effective treatment of \ the patient 
with a clinical infection requires the early isolation and identification 
of the infecting microorganism. In other words, the do6tor has to 
identify and treat specific infections rather than clinical syndromes. 
When an infection is not amenable to chemotherapy as is the case with 
the toxic infections and most virus infections, antisera containing 
neutralising antibodies against the pathogenic agent (either specially 
prepared in animals like the horse or derived from human blood i.e. 
gamma globulin) may be used either to treat the patient as in diphtheria 
or to give temporary protection to a person exposed to the risk of 
infection as in measles. 

Microbiology is closely concerned with the epidemiology and control 
of infection in any community where the transmission and disease- 
producing capacity of the infecting microorganisms is facilitated by 
environmental or host factors: e.g. overcrowding, contaminated food, 
drink or air, malnutrition, tissue damage. The term epidemiology has 
in the past been applied particularly to the study of the factors con- 
tributing to the endemic or epidemic prevalence of an infectious or 
communicable disease; but, as the name implies, it is concerned with 
the study of any community disease or disability and in recent years 
we Imve seen the application of epidemiological methods to many 
non-infective conditions. As a medical science it is particularly con- 
cerned with aetiological factors and it has had remarkable successes in 
their elucidation among both infectious and non-infectious diseases. 
Thus, the evidence that cholera and typhoid fever were due to living 
agents spread by water was produced from epidemiological data col- 
lected respectively by John Snow, a London anaesthetist and William 
Budd, a West Country doctor, 20 years or more before the aetiological 
agente were identified, pellegra was shown by Goldberger to be a 
deficiency disease long before vitamins were defined while in our own 
time, heavy cigarette smoking has been proved to be causally related 
to lung cancer although the carcinogenic agent has not yet been 
identified. 

In the study of the sources and modes of spread of infectious 
disea^s, microbiology has demonstrated the importance of carriers', 
that is, individuals who while not showing any clinical symptoms of 
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infection, carry and disperse a pathogenic microorganism and so 
contribute to the dissemination of infection in a community. Again, 
tests for the presence of antibodies to specific pathogens or their toxins 
have shown that latent or inapparent infections may play a large part 
in raising the resistance of a community to epidemic outbursts of 
disease. With a good knowledge of the epidemiology of a specific 
communicable disease, the Health Officer concerned with preventive 
medicine, knows what measures for its control are most likely to be 
effective and here again, in the field of prophylactic immunisation, the 
microbiologist has been a most valuable partner. 

Most of the major pestilences — typhus and typhoid fever, plague, 
cholera, smallpox and yellow fever — that used to decimate armies and 
beleaguered cities or spread like wild-fire round the world are now 
being controlled by good environmental sanitation, by the destruction 
of insect vectors such as louse, flea and mosquito, or by prophylactic 
vaccination. However, some of these great plagues, together with 
other global infections like malaria, tuberculosis and leprosy, the 
diarrhoeal diseases and the pneumonias, still take a heavy toll of life 
and health in most of the develgping countries. Pandemics of influenza 
still occur and respiratory infections are still the major cause of sickness 
in most countries. 

A community infection of a special kind still occurs among patients 
congregated in hospitals. Although the consequences of hospitd cross- 
infection are much less serious than they were in Lister’s day, we are 
reminded of the aphorisms of two great hospital reformers of the 
nineteenth century — Florence Nightingale’s pungent comment that 
“the first requirement of any hospital (is) that it do the sick no harm” 
and Sir James Y. Simpson’s conclusions after a most remarkable 
epidemiological survey of deaths from infection following amputations 
that “in treatment of the sick, there is ever danger in their aggregation 
and safety only in their segregation; and our hospitals should be con- 
structed so as to avoid . . . the former and secure . . . the latter condi- 
tion”. We are still far from achieving these worthy objectives. It is 
pertinent in these days when teaching hospitals are becoming the 
repositories of ageing patients with degenerative diseases to remind 
medical students and doctors that acute and chronic infections are still 
responsible for more than a third of all the illnesses requiring medical 
care and that in the most susceptible group of children under 5 years 
of age, infections account for over 80 per cent, of the total sickness. 

Microbiology developed originally as an applied science of particular 
importance in medicine, agriculture and industry. But it soon became 
obvious that the bacterial ceil and its products had many attractions 
for the general biologist, the chemist, the physicist, the geneticist, the 
pharmacologist and other specialists as well as the bacteriologist, 
immunologist and pathologist. In its free living form, the bacterial 
cell with its simple food requirements, rapid growth and remarkable 
hardinm, and its great range of enzymes and diffusible products has 
become very acceptable for detailed study and, in the past few decades, 
bacterial physiology (sometimes called microbial chemistry) has made 
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many contributions to advances in our knowledge of cellular and mole- 
cular biology. Together with bacteriophage (its own particular parasite) 
the bacterial cell has been specially useful in advancing the science of 
genetics while the biochemist interested in enzymology finds it a most 
valuable granary. Although many of the developments in general 
microbiology are not immediately relevant to medicine, it is essential 
that the medical student should have some understanding of the 
anatomy and physiology of the bacterial cell and this aspect of micro- 
biology is discussed in the chapters that follow. 



CHAPTER 2 


MORPHOLOGY OF BACTERIA 

Microorganisms may be defined as living creatures that are micro- 
scopical in size and relatively simple, often unicellular in structure. 
The diameter of the smallest body ^t can be resolved and seen clearly 
with the naked eye is about 100 (1 /x, or micron =s0"001 millimetres). 

All but a few of the microorganisms are smaller than this and a micro- 
scope is therefore necessary for their observation. The light microscope 
under optimal conditions can resolve bodies down to 0-2 /x in diameter, 
and this includes all microbes except the viruses, most of which are 
even smaller. The electron microscope has a limit of resolution 
better than 0-0005 /x {i.e. 0-5 m/x or millimicron = 5 Angstrom Units), 
and can resolve even the smallest viruses (0‘01 /x diam.). It should be 
noted, however, that when bacteria or fungi are allowed to grow un- 
disturbed on a solid or semi-solid substrate, their numerous progeny 
accumulate locally to form masses, or colonies, which are readily 
visible to the naked eye. 

Living material, or protoplasm, is organised in units known as cells. 
Each cell consists of a body of protoplasm, the protoplast, enclosed by 
a thin semipermeable membrane, the plasma membrane or cytoplasmic 
memhratK, and also, in most cases, by an outer, relatively rigid cell wall. 
The protoplast is differentiated into a major part, the cytoplasm, and 
an inner body, the nucleus, which contains the hereditary determinants 
of character, the genes, borne on thread-like chromosomes. 

The bodies of higher plants and animals are multicellular, with 
interdependence and specialisation of function among the cells, the 
different kinds of cells being segregated in separate tissues. Many 
microorganisms, on the other hand, are unicellular, existing as single 
self-sufficient cells, unattached to their fellows. Other microorganisms 
grow as aggregates of cells joined together by their cell walls in clusters, 
chains, rods, filaments (hyphae) or mycelia {i.e. meshworks of branching 
filaments), and some grow as a phsmodium, i.e. a multinucleate mass of 
cytoplasm. Generally, these morphologically multicellular microbes 
are physiologically unicellular, ea(^ cell being self-sufficient and, if 
isolated artificially, being able to nourish itself, grow and reproduce the 
species. Some specialisation of cell function, approaching that of true 
multicellular organisms, is encountered in colonies of moulds and 
higher bacteria; thus, certain celk, which form an aerial mycelium, are 
specialised for the formation and dissemination of spores, and are 
dependent for their nutrition on the activities of other cells comprising 
a vegetative mycelium. 

The majority of microorganisms may be classified in the following 
large biological groups: (1) Algae, (2) Protozoa, (3) Slime moulds, 

(4) Fungi proper, or Eumycetes, including the moulds and the yeasts, 

(5) Badteria, or ScUzomycetes (“fission fungi”), (6) Richettsiales, (7) 
Mycoplasmatales, and (8) Viruses, or Virales. The algae (except fhe 
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blue-green algae), the protozoa, slime moulds and fungi include the 
larger and more highly developed microorganisms; their cells have 
the same general t3rpe of structure and organisation, described as 
eucaryotic, that is found in the cells of higher plants and animals. The 
bacteria and the closely related blue-green algae, the organisms of 
the mycoplasma and rickettsia groups and the so-called “viruses” of 
the psittacosi8-l5rmphogranuloma-trachoma group include the smaller 
microorganisms having a simpler form of cellular organisation described 
as procaryotic (Stanier & van Niel, 1962). The viruses are the smallest 
of the microorganisms’, the infectious virus particles, or, virions, have 
a relatively simple structure that is not comparable with (that of a cell, 
and their mode of reproduction is fundamentally different from that of 
cellular organisms. \ 

Since the algae and slime moulds contain no species j[f medical or 
veterinary importance, they will not be dealt with in this^ibook. The 
main differential characters of the other groups are as folloWs; 

Protozoa. — These are non-photosynthetic unicellular organisms'(a 
few are colonial) with protoplasm clearly differentiated into nucleus and 
cytoplasm. They are relatively large microorganisms, with transverse 
diameters mainly in the range 2-100 ju,. Their surface membranes vary 
in complexity and rigidity from a thin, flexible membrane in amoebae, 
which allows major changes in cell shape and the protrusion of pseudo- 
podia in the movements of locomotion and ingestion, to a relatively 
stiff pellicle in ciliate protozoa, which preserves a characteristic shape 
to the cell. Most free-living, and some parasitic species have the mode 
of nutrition typical of animals, that called holozoici they capture, ingest 
and digest internally solid masses or particles of food material. Many 
protozoa, for instance, feed on bacteria. Protozoa, therefore, are generally 
regarded as the lowest forms of animal life, though certain flagellate 
protozoa are very closely related in their morphology and mode of 
development to photosynthetic flagellate algae in the plant kingdom. 
Some free-living protozoa are saprophytic, absorbing soluble nutrient 
substances derived from dead plant or animal material, or from the 
excretions of plants and animals. Many protozoa are parasitic and live 
m and derive their nourishment from the body of an animal host; some 
of these parasites ingest masses of solid material whilst others absorb 
soluble nutrients through their cell surface. Malaria parasites, for 
instance, both absorb soluble nutrients from the host and ingest masses 
of host-cell ^oplasm. Protozoa reproduce asexually by binary fission 
or multiple fission (schizogony), and some also by a sexual mechanism. 
Some speaes exhibit a definite life cycle with both sexual and asexual 
p as^, and some form round, thick-walled resting cells, or “cysts”, 
which are important for the persistence and spread of the organism 

1 where conditions may be unfavourable to 

survival of the vegetative forms. 

«i f are non-photosynthetic microorganisms possessing 

atom numoit rabsOmcM by diSmion through thar'cai 
surfaces. When solid food materials are utilised, these are first broken 


I 

I 
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GIAROIA INTESTINALIS 




CHAINS OF CONIOIA ON 
CON I DIOPHORES 


P EN ICILLIUM 



BUDDING YEAST BRANCHING FILAMENTS 

CELL OF ACTINOMYCES 

Fig. 1 

down to soluble products by enzymes secreted extracellularly by the 
fungus. Except for the flagellate spores and gametes of the primitive 
aquatic species, fungi are non-motile. Moulds grow as branching fila- 
ments (hyphae), usually between 2 and 10 ju. in width, which interlace 
to form a meshwork (mycelium). The hyphae are coenocytic (t.e. have 
a continuous multinucleate protoplasm), being non-septate or else 
septate with a central pore in each cross-wall. Moulds reproduce by 
the formation of various kinds of sexual and asexual spores that develop 
from the vegetative (feeding) mycelium or from an aerial mycelium that 
effects their airborne dissemination. Yeasts are ovoid or spherical cells 
that reproduce asexually by budding and also, in many cases, sexually 
with the formation of sexual spores. They do not form a mycelium, 
although the intermediate yeast-Uhe fusigi may form a pseudomycelium 
consisting of chains of elongated cells. The higher of ^ class 
Basidiomycetes (mushrooms), which produce bu^e fruiting structures 
for aerial dissemination of spores, play no part in infectitm of man or 
animals, though some species, e.g. Atnamta fkattoid^t are poisonous 
when eaten. 
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STAPHYLOCOCCI 




Bacteria are small microorganisms with a relatively simple and 
primitive form of cellular organisation (procaryotic). They are generally 

unicellular, but the cells may grow at- 
m tached to one another in clusters, chains, 

rods, filaments or, as in the “higher 
STREPTOCOCCI bacteria” (Actinomycetales), a mycelium. 

Their cells are smaller (usually between 
STAPHYLOCOCCI 04 and 1*5 fi in short diameter) than 

« those of protozoa and fungi, and in most 

cases they have relatively rigid cell walls 
BACILLUS which maintain their characteristic shape; 

VIBRIO this may be spherical (coccuB), rod-shaped 

SPIRILLUM (bacillus), comma-shaped mbrio), spiral 

' (spirillum and spiroc^ete))^ or filament- 

ous. They show little struMural differ- 
ACTiNOMYCES cntiation when examined oy ordinary 

microscopical methods, but special stain- 
Fig. 2 methods show that they possess a 

central nuclear body which contains de- 
oxyribonucleic acid and divides by simple fission without evidence of 
mitosis or chromosomes. 


Genetical evidence suggests that bacteria carry their genes on a 
linear or circular filament equivalent to a single chromosome. They 
reproduce mainly by simple transverse fission (binary fission). Certain 
species form endospores as a resistant resting phase and some (actino- 
mycetes) reproduce by formation of conidia (i.e. exogenously formed 
asexual spores). Many species are motile by means of flagella, some 
(the spirochaetes) by active flexion of the cell body and some {e.g. the 
non-pathogenic myxobacteria) by an unexplained “gliding” process. 
Most are saprophytic or parasitic; a few are autotrophic and a few are 
photosynthetic {vide infra). (The photosynthetic bacteria, or “green” 
and “purple” bacteria, carry out a special kind of photosynthesis which 
differs from that of the blue-green algae and the higher algae and plants 
in that it does not involve the production of oxygen.) Autotrophic and 
photosynthetic bacteria are inhabitants of soil and water, and are 
harmless to man and animals. 


Bacteria are parasitic when they live on or in, and gain their nourish- 
ment, including organic nutrient compounds, from the body of an 
wimal host or a living plant. Non-parasitic and free-living bacteria 
include: (1) those that are saprophytic, i.e. absorb soluble organic 
nutrients derived from the dead bodies and excretions of plants and 
animals, (2) those that are autotrophic, i.e. nourish themselves on in- 
organic substances, deriving their carbon from COj and their energy 
by oxidation of an inorganic nitrogen, sulphur or iron compound, and 
(3) those that are photosynthetic^ Le. obtain their carbon from CO 2 and 
their energy from sunlight. Parasitic and saprophytic bacteria are 
described as heterotrophic because, in contrast with the autotrophs tod 
photosynthetic bacteria, they obtain their carbon and energy from l£e 
dissimilation of organic compounds. 
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Bacteria (together with the blue-green algae, RickettsiaUs and Myco~ 
plasmatales) are distinguished from the higher microorganisms, phmts 
and animals by the simpler organisation of their cells. These are 
described as being procaryotic, in contrast with the cells of the higher 
organisms, which are termed eucaryotie. The main distinguishing 
features of the procaryotic cell are as follows. (1) Its nucleus appears 
as a simple, homogeneous body not possessing a nuclear membrane 
separating it from ^e cytoplasm, nor a nucleolus, nor a spindle, nor a 
number of separate non-identical chromosomes. (2) It lacks ihe in- 
ternal membranes isolating the respiratory and photos 3 mthetic enzyme 
systems in specific organelles, comparable with the membrane-boimded 
mitochondria and chloroplasts of eucaryotic cells. Thus, the respir- 
atory enzymes in bacteria are located mainly in the peripheral c^- 
plasmic membrane and their effective functioning is dependent upon 
the integrity of the cell protoplast as a whole. (3) Its rigid cell wall 
contains as its main strengthening element a specific mucopeptide 
substance not found in eucaryotic organisms. This mucopeptide is the 
“target” of the antibacterial actions of penicillin and lysozyme. 

Uckettsiales are simple unicellular organisms that are rod-shaped, 
spherical or pleomorphic. They are generally similar to, though smaller 
than bacteria, but they are still resolvable by the light microscope (t.c. 
over 0-2 in diam.) and most species are not filterable through bacteria- 
stopping filters. The majority are strict parasites that can grow only 
in the living tissues of a suitable animal host, usually intracellularly. A 
few exceptional species (e.g. Bartonella bacilUfomds, which is also ex- 
ceptional in being flagellate and motile) can grow in cell-free nutrient 
media containing body fluids. The organisms of psittacosis and 
trachoma, previously classed as viruses, are now included in this 
order. 

Mycopiasmatales (pleuropneumonia-like organisms, or PPLO) are 
procaryotic cellular organisms t^t differfrom bacteria intheir smaller size, 
their lack of a rigid cell wall, and their consequent extreme pleomorph- 
ism and great sensitivity to the osmotic tension in die environment. 
Cell size is variable and the viable elements range from 0*15 to over 
I fi in diameter, the smallest being capable of passing through bacteria- 
stopping filters. Mycoplasmas can be cultivated on artificial cell-firee 
nutrient media enriched with serum and they are the smallest and 
simplest organisms capable of autonomous groi^. Most are parasites 
of man or animals, but one knCwn species is a saprophyte present in 
soil and sewage. 

Viruses are the smallest and simplest of all the microorganisms and 
different species range in size from 0*01 to 0*3 /it in diameter. Most are 
“ultramicroscopic” (t.e. are smaller than can be resolved by the ii^ht 
microscope, under 0*2 p in diam.) and are filterable throu^ bacteria- 
stopping filters. All species are strictly parasitic and are c^ble of 
growing only within the living cells of an appropriate animal, plant or 
bacterial host; none can grow on an inanimate nutri^t medmm. A 
few bacteria and ^e rickettsiae resemble viruses in their inaUIity to 
grow elsewhere than in living cells, but the viruses are distii^[ui^ed 
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from these organisms by having an entirely different method of growth 
and reproduction. 

Viruses lack biosynthetic and energy-yielding enzymes for the 
manufacture of their molecular components, and possess only one kind 
of nucleic acid, either ribonucleic acid (RNA) or deoxyribonucleic acid 
(DNA), instead of both as do cellular organisms. The infectious virus 
particle, “elementary body”, or virion^ introduces its nucleic acid into 
the host cell and the viral nucleic acid organises the synthetic systems 
of the host cell to manufacture viral molecular components (principally 
nucleic acid and protein) which are ultimately assembled to form a new 
generation of complete infectious virus particles. I 

The viruses that infect and parasitise bacteria are named bacterio- 
phages or phages, “Virulent” phages undergo free development inside 
the host bacterium, which after a short interval undergo^ lysis (dis- 
ruption) and liberates the resultant crop of infectious pha^e particles. 
“Temperate” phages become reduced within the host bac^rium to a 
latent form, or prophage (believed to be the phage DNA incorporated 
in the bacterial chromosome), which is reproduced pari passu with the 
bacterium through many generations. Occasionally the prophage 
becomes vegetative and a crop of infectious phage particles is produced, 
with consequent lysis of the bacterium. A bacterium carrying latent 
prophage is termed lysogenic. 

The bacteria and viruses play the most important part in the causa- 
tion of human infective disease. Protozoal infections are more prevalent 
in tropical and subtropical countries, whilst the common fungal infec- 
tions are mainly superficial {e,g, skin infections) and often of minor 
severity. 

The remainder of this chapter and Chapter 3 will be devoted to the 
general biology of the bacteria. That of the other groups of micro- 
organisms will be dealt with in Chapters 5 and 31-41. 


MORPHOLOGICAL STUDY OF BACTERIA 

Microscopical examination is usually the first step taken for the 
identification of an unknown bacterium. The bacterium may be 
allocated to one or other of the major groups when its morphology and 
staining reactions have been observed. The morphological features of 
importance are the size, shape and grouping of the cells, and their 
possession of any distinctive structures such as endospores, flagella (or 
motility), capsules and intracellular granules. Staining reactions are 
observed after treatment by special procedures such as the Gram and 
Ziehl-Neelsen stains, the different kinds of bacteria being shown in 
separate colours due to their different permeability to certain decolour- 
isi^ agents. A preparation stained by one of these methods usually 
suffices for observation of the general morphology of the bacterium, 
but some morphological features can be demonstrated only by Ae 
application of further special stains. (For a full discut^ion of the prin* 
ciples of different staining procedures, see Lamanna and Mallette, 1959.) 



STAINING OF BACTERIA 13 

The optical, or light microscope (employing visible light) is generally 
sufficient for making the observations of shape, staining reaction and 
special morphology that are required for the identification of a bacterium. 
The electron microscope, which has contributed much new information 
about the fine structure of the bacterial cell, is rarely required for diag- 
nostic work. It may be valuable, however, in enabling demonstration 
of certain structures of taxonomic importance, e.g. fimbriae, which 
cannot be demonstrated with the light microscope. 

Unstained Preparations of Living Organisms. — The morph- 
ology of bacteria can be studied in the first place by examining them 
microscopically in the unstained condition, suspended in a thin film of 
fluid between a glass slide and coverslip (i.c. in an “unstained wet 
film”). In this way their general shape can be seen and their motility 
determined. Certain very slender bacteria, however, such as the spiro- 
chaetes, are so feebly refractile that they can not be seen by the ordinary 
microscopic methods, and dark-ground illumination or phase-contrast 
microscopy is necessary for their demonstration. 

For the study of the development of individual organisms and the 
growth of bacteria in colonies, the “agar-block” method of 0rskov, and 
the microscope-incubator may be used. These methods enable living 
bacteria to be observed at intervals during their actual growth on a 
suitable substrate, and present a more natural picture than other 
procedures involving manipulations that may sometimes create 
artificial appearances. 

Stained Preparations. — The microscopical examination of fixed 
and stained preparations is usually an essential routine procedure. The 
bacteria are more readily discovered and studied when immobilised by 
fixation and darkly stained in contrast with the bright background. 
Simple staining is effected by the application of a watery solution of a 
single basic dye, e.g. methylene blue, methyl violet or basic fuchsin, 
or sometimes along with a mordant, e.g. dilute carbol fuchsin. The 
coloured, positively charged cation of the basic dye combines firmly 
with negatively charged groups in the bacterial protoplasm, especially 
with those of the abundant nucleic acids. The stain is retained through a 
subsequent washing with water for the removal of excess dye from the 
slide. Acidic dyes, having coloured anions, do not stain bacteria 
strongly except at very acid pH values, and thus can be used for 
“negative staining” (see below). Cells or structures that stain with 
basic dyes at normal pH values are described as basophilic and those that 
stain with acidic dyes as acidophilic. 

Prior to staining, the film or smear of bacteria must be fixed on the 
slide. Fixation is usually effected by heat; the slide is first thoroughly 
dried in air and then heated gently in a flame. Vegetative bacteria are 
thereby killed, rendered permeable to the stain, stuck to the surface of 
the slide and preserved from undergoing autolytic changes. Chemical 
fixatives are used for sections of iiuected tissue and films of infected 
blood, since they cause less damage to the tissue cells; they include 
formalin, mercuric dhlmide, methyl alcohol and osmic add. 

It should be noted that the bacterial cell wall is not stained by 
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ordinary methods and the coloured body seen corresponds to the cell 
protoplasm only. This is usually much shrunken as a result of drying. 
Chains of stained bacteria thus show the coloured bodies separated by 
gaps that are the sites of unstained, connecting cell walls. 

Beaded and Bipolar Staining. — Certain bacteria do not colour evenly 
with simple stains. Thus, the diphtheria bacillus shows a “beaded” 
appearance, with alternating dark and light bars. The plague bacillus 
shows “bipolar staining”, the ends being more deeply coloured than 
the centre. The uneven staining may be due to the manner in which 
the protoplasm shrinks when the cell is dried and fined. , 

'‘Negative” or Background Staining is of value as a ijapid method 
for the simple morphological study of bacteria. The bactena are mixed 
with a substance such as India ink, or nigrosin, which, afmr spreading 
as a him, yields a dark background in wUch the bacteria stand out as 
bright, unstained objects. \ 

Silver Impregnation methods are utilised for the staining of spiro- 
chaetes, especially for demonstrating these organisms in tissues. The 
slender cells are thickened by a dark deposit of silver on their surface. 

Impression Preparations are used for C}rtological studies when it is 
desired to avoid the distortion of cell structure and colonial arrange- 
ment inevitable in the normal procedure of preparing a smear, drying 
it and fixing it by heat. Bacteria, newly spread on the surface of an 
agar medium, or grown on agar to form small colonies, are fixed in situ 
without drying, to a slide or coverslip. This is done by allowing a 
chemical fixative to diffuse through the agar from below. The fixed 
bacteria adhere to the glass when the agar is removed and can then be 
stained. 

Staining Reactions. — The staining reactions of bacteria are of the 
greatest importance in their difiFerentiation and identification. Gram's 
staining reaction has the widest application, dividing all bacteria into 
two categories, named “Gram-positive” and “Gram-negative”, accord- 
ing to whether or not the organisms resist decolourisation with acetone, 
alcohol or aniline oil after staining with a para-rosaniline (triphenyl- 
methane) dye, e.g. methyl violet, and subsequent treatment with iodine. 
The Gram-positive bacteria resist decolourisation and remain stained 
a dark purple colour. The Gram-negative bacteria are decolourised, and 
then counterstained light pink by the subsequent application of 
b^ic fuchsin, safranine, neutral red or dilute carbol fuchsin. In routine 
diagnostic work a Gram-stained smear is often the only preparation 
examined microscopically, since it shows clearly the general morphology 
of the bacteria as well as revealing their Gram-reaction. It should be 
noted that species which are c^u'acteristically Gram-positive, may 
appear Gram-negative under certain conditions of growth; thus, some 
show an increasing proportion of partly or wholly Gram-negative cells 
in ageing cultures on nutrient agar. On the other hand, characteristic- 
ally^ Gram-negative species do not produce cells that stain Gram- 
positively in correctly treated smears. 

Gram-reactivity appears to reflect a fundamental aspect of cell 
structure and is correlated with many other biological properties. Thus, 
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the different species of a single genus generally show the same reaction. 
Gram-positive bacteria are more susceptible than Gram-negative 
bacteria to the antibacterial actions of penicillin, acids, iodine, basic 
dyes, detergents and lysozyme, and less susceptible to alkalies, azide, 
tellurite, proteolytic enzymes, lysis by antibody and complement, and 
plasmolysis in solutes of high osmotic pressure. 

The mechanism of the Gram stain is not fully understood. Gram- 
positive organisms are able to retain basic dyes at a higher hydrogen-ion 
concentration than the Gram-negative species, showing an isoelectric 
point of pH 2-3 as compared with pH 4-5. The more acidic character of 
their protoplasm, which is enhanced by treatment with iodine, may partly 
explain their stronger retention of basic dye. It has also been suggested 
that the difference in Gram reaction depends upon a difference in the 
permeability of the cell wall or the cytoplasmic membrane. After stain- 
ing with methyl violet and treatment with iodine, a dye-iodine complex, 
or “lake”, is formed within the cell, which is insoluble in water but 
moderately soluble and dissociable in the acetone or alcohol used as the 
decolouriser. Under the action of the decolouriser, the dye and iodine 
diffuse freely out of the Gram-negative cell, but not from the Gram- 
positive cell, presumably because the latter’s surface is less permeable to 
the decolouriser or its iodine solute. It has recently been suggested by 
Salton (1963), that dehydration by the decolouriser and the action of the 
iodine play an important part in selectively decreasing the porosity of the 
cell wall of Gram-positive organisms. Whatever the complete mechanism 
of the reaction may be. Gram-positivity appears to depend upon the 
integrity of the cellular structure and the presence in the cell of a specific 
magnesium ribonucleate-protein complex (and perhaps also of other 
specific compounds). Thus, Gram-positive bacteria become Gram- 
negative if ^ey are ruptured mechanically, or if their magnesium 
ribonucleate is r^oved by autolysis or by treatment with bile salt or 
the enzyme ribonuclease. From cytological studies it seems that Gram- 
positive staining colours the whole cell, including the cell wall, but 
chemical analysis of isolated cell walls has not shown them to contain 
magnesium ribonucleate. 

The acid-fast staining reaction, as revealed by the Ziehl-Neelsen 
method is of value in distinguishing a few bacterial species, e.g. the 
tubercle bacillus, from all others. These “add-fast” bacteria are 
relatively impermeable and resistant to simple stains, but when stained 
with a strong reagent (basic fiichsin in aqueous 5 per cent, phmol, 
applied with heat), subsequently resist decolourisation by strong acids, 
e.g. 20 per cent. sulphuHc acid. Any decolourised non-add-fast organ- 
isms are counterstained in a contrasting colour with methylene blue or 
malachite green. 

The add-fast bacteria have an exceptionally rich and varied content of 
lipids, fatty acids and higher alcohols, and their add-fastness has been 
attributed to ^s. V^en the lipids, indudii^ those firmly bound in die 
protoplasm, are removed by treatment with suitable solvents, the cells are 
no bnger add-fast. One of the lipids peculiar to add-fast bacteria exhibits 
the property of add-fiwtness in me frtw state: ffus is a wax i^/eoUe add, a 
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high molecular weight hydroxy acid contdning carboxyl groups. The mere 
presence of such a substance in the cell is not by itself sufficient to explain 
acid-fastness, since the character is lost when the cell is ruptured by mechanical 
means or autolysis. Acid-fastness therefore depends on the structural integrity 
of the cell, its content of lipids and, possibly, a special anatomical disposition 
of the lipids. 


THE ANATOMY OF THE BACTERIAL CELL 

The essential structures of the bacterial cell are showpi in Figure 3. 
The protoplasty i.e, the whole body of living material (protoplasm), is 
bounded peripherally by a very thin, elastic and semipeimeable mem- 
brane called the plasma membraney or cytoplasmic membram. Outside, 
and closely covering this, lies the rigid, supporting cell v^ally which is 
porous and relatively permeable. Cell division occurs by \the develop- 
ment, from the periphery inwards, of a transverse cjrtoplksmic mem- 
brane and a transverse cell wall, or cross walL 
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The essential structures of the bacterial cell. 
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The iytophistny or main part of the protoplasm, consists of a watery 
sap packed with large niunbers of small granules called ribosomes, 
which are visible only with the electron microscope. The “nudeus”, 
more properly called the nuclear body or chromatin body, is centrally 
placed; it appears homogeneous with the light microscope and, usually, 
as a skein of parallel fibres in ultrathin sections under the electron 
microscope. In rapidly growing cells, nuclear replication and division 
proceed a little in advance of cell division, so that two, four or even more 
nuclei are seen within a single ‘cell’ as demarcated by transverse cell walls. 

In addition to these essential structures, other intracellular and 
extracellular structures may be present in particular species of bacteria, 
in some cases only under particular conditions of growth. In the 
c^oplasm, for instance, there may be present inclusion granules con- 
sisting of volutin, lipid, glycogen or starch, or membranous bodies 
called mesosomes. Outside the cell wall, there may be a protective 
gelatinous covering layer called a capsule or, when it is too thin to be 
resolved with the light microscope ( < 0*2 /i), a microcapsule. Soluble 
large-molecular material may be dispersed by the bacterium into the 
environment as loose slime. Some bacteria bear, protruding outwards 
from the cell wall, one or both of two kinds of filamentous appendages, 
flagella, which are organs of locomotion, and fimbriae, which appear to 
be organs of adhesion. Because they are exposed to contact and inter- 
action with the cells and humoral substances of the body of the host, 
it is the surface structures of bacteria, the cell wall, capsule or micro- 
capsule, flagella and fimbriae, that are most likely to have a special 
role in the processes of infection. 

The methods of demonstration, the composition and the functional 
roles of the various bacterial cell structures are reviewed briefly below. 
Further details may be obtained from the books edited by Spooner 
and Stocker (19^ and Gunsalus and Stanier (1960). 

Cytoplasm m Bacteria. — The cytoplasm of the; bacterial cell is a 
viscous watery solution, or soft gel, containing a variety of organic and 
inorganic solutes, and numerous small granules called ribosomes. The 
ribosomes are 10-30 nifi in diameter and number tens of thousands 
per cell. They correspond to the microsomes of animal and plant cells, 
consist mainly of protein and ribonucleic acid (RNA) and are the sites 
of manufacture of the enzymes md other proteins of ^e bacterium, the 
specificity of these proteins being determined by messenger RNA trans- 
mitted to the ribosomes from the nucleus. The cytop^m of bacteria 
differs from that of the higher eucaryotic organisms in not containing 
an endoplasmic retictdtun of membranes bearing microsomes, in not 
containing mitochondria and in not showing signs of internal mobility, 
e.g. cytoplasmic streaming, the formation, migration and disappeanmce 
of vacuoles, and amoeboid movement. 

Nuclear Bodies. — In unstained bacteria, and in bacterk stained by 
the usual methods, the protoplast shows no ^fferentiatiaa into nudkM 
and cytoplasm. However, by a special method it is possible to demon- 
strate the presence of bodies that corre^mnd to nuclei, aldumg^ 
differing morphologu^lly from the organised noclkn of the caicaryodc 
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cells of animals and plants. After suitable fixation, the bacteria are 
treated with hydrochloric acid to reduce the staining affinity of the 
cytoplasm by removing its content of ribonucleic acid; on subsequent 
staining the nuclear bodies become deeply coloured and the cytoplasm 
only slightly coloured. The nuclear bodies are usually oval or elongated 
and lie transversely in the cell. They react positively to the Feulgen test 
for deoxyribonucleic acid (DNA), the essential constituent of the nuclei 
of the higher organisms. Unlike the intracellular storage granules de- 
scribed below, they are constantly present in all cells and under all 
conditions of culture. The nuclear bodies appear to incrcMe by growth 
and simple fission, and not by mitosis ; they show no evidence of possess- 
ing an outer nuclear membrane separating them from the c^oplasm, 
a nucleolus or separate chromosomes. Genetic evidence obtained from 
studies of conjugation in one species, Escherichia coli, suggests that all 
the genes of a bacterium are carried in a single linkare group, or 
chromosome. The appearance of the nuclear body in ultratnin sections 
examined with the electron microscope is compatible with the bacterial 
chromosome occurring as a very long thin fibre folded backwards 
and forwards on itself in the form of a skein. Only a single nuclear 
body is present in some cells, whilst in others, as a result of nuclear 
division preceding cell division, two, four or even more nuclear bodies 
may be present. 

Inclusion Granules. — In many species of bacteria, round granules 
are observed in the cytoplasm. These are not permanent or essential 
structures, and may be absent under certain conditions of growth. 
They appear to be aggregates of substances concerned in cell meta- 
bolism, e.g. an excess metabolite stored as a nutrient reserve. Generally, 
they are present in largest amount when the bacteria have access to an 
abundance of energy-yielding nutrients, and diminish or disappear 
under conditions of energy-source starvation (Wilkinson & Duguid, 
1960). They consist of volutin, lipid, glycogen, starch, or sulphur. 
Volutin and lipid granules, 0- 1-1-0 fi in diameter, are seen in many 
parasitic and saprophytic bacteria, and their demonstration may assist 
in the identification of certain organisms; thus, the diphtheria bacillus 
may be distinguished from related bacilli found in the throat by its 
content of volutin granules. 

Volutin granules (syn. metachromatic or Babes-Emst granules) have 
an intense affinity for basic dyes. With toluidine blue or methylene 
blue, they stain metackromatically a red-violet colour, contrasting with 
the blue staining of the bacterial protoplasm. By special methods, e.g. 
Neisser’s and Albert’s, employing also iodine and/or a counterstain, the 
grwules can be demonstrated with even greater colour contrast; their 
staining, ui^e that of the protoplasm generally, is not bleached by the 
iodine or displaced by the counterstain. The metachromatic staining 
of volutin granules is thought to be due to their content of polymerised 
inorganic polyphosphate). This is an energy-rich compound which may 
act as a reserve of energy and phosphate for cell metabolism. Volutin 
granules are slightly acid-fast, resisting decolourisation by 1 per cent, 
sulphuric acid; they are more refractile than the protoplasm and are 
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sometimes distit^ishable in unstained wet films. By electron micro- 
scopy they appear as very opaque, clearly demarcated bodies. 

Lipid granules are recognised by their affinity for fat-soluble dyes 
such as Sudan black. Thus, by Burdon’s method they are coloured 
black in contrast to the remaining protoplasm, which is counterstained 
pink with basic fuchsin. The granules are spherical, of varying size 
and highly refractile, being easily seen in unstained preparations. They 
are slightly acid-fast and may be stained by the modified Ziehl-Neelsen 
method used for spores. They resist staining by basic dyes and appear 
as unstained spaces in bacteria treated with simple stains or by Gram’s 
method. Lipid granules resemble endospores (see below) in their acid- 
fast staining and their resistance to simple stains, but are distinguished 
by their staining with Sudan black, their smaller size and their frequent 
occurrence in numbers of more than one per cell. In the bacteria so far 
subjected to chemical analysis, the granules appear to consist mainly of 
polymerised jS-hydroxybutyric acid (or poly-^-hydroxybutyrate). The 
manner in which the lipid content of bacteria varies with the conditions 
of culture suggests that this substance may act as a carbon and energy 
storage product. 

Polysaccharide granules that stain with iodine like either glycogen 
(red-brown) or starch (blue) can be seen in the cytoplasm of certain 
bacteria. Many other species, e.g. Escherichia coli, do not form granules 
visible with the light microscope but, when grown with abundant 
carbon- and energy-yielding nutrients, show a diffuse staining of their 
C)rtoplasm with the periodic acid-Schiff stain for polysaccharides. In 
Esch. coli this cytoplasmic polysaccharide is glycogen and it is present 
as minute granules visible as clear areas under the electron micro- 
scope. 

Mesosomes are intracytoplasmic bodies of unknown function that 
have been seen with the electron microscope in some ultrathin sections 
of bacteria. Th^' consist of a convoluted membrane. In some cases 
the membrane is seen to be derived by invagination from the plasma 
membrane. 

Plasma Membrane (Cytoplasmic Membrane). — ^The bacterial 
protoplast is limited externally by a thin, ehstic plasma membrane, which 
is 5-10 m/i thick, consists mainly of lipo-protein and is visible in some 
ultrathin sections examined electron-microscopically. It constitutes an 
osmotic barrier impermeable to many small molecular solutes and is 
responsible for maintaining the differences in solute content between 
the cytoplasm and the external environment. It permits the passive 
diffusion inwards and outwards of water and certain other small 
molecular substances, especially lipid-soluble ones, and it also effecte 
actively the selective transport of specific nutrient solutes into the cell 
and tluit of waste products out of it. In addition to the enzymes, or 
permeases, responsible for the active uptake of nutrients, it contains also 
many other kinds of enzymes, notably respiratory enzjnoties and pigments 
(cytochrome system), certain enzymes of the tricarboxylic acid cycle 
and, probably, polymerising enzjrmes that manu&cture ffie substances 
of the cdl wan and extracellular stouctures. The plasma membrane has 
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little mechanical strength and is supported by the enclosing cell wall 
to which it normally adheres very closely. 

Cell Wall. — ^The cell wall is the covering layer that encases the 
protoplast and lies immediately external to the plasma membrane. It 
is 10-25 mfi thick, strong and relatively rigid, though with some 
elasticity, and openly porous, being freely permeable to solute niAlfTOlfs 
smaller than 10,000 in molecular weight and 1 mfi in diameter. It is 
responsible for supporting the weak plasma membrane against the high 
internal osmotic pressure of the protoplasm (usually between 5 and 25 
atmospheres) and for maintaining Ae characteristic jshape of the 
bacterium, e.g. coccal, bacillary, filamentous or spiral, prom a mech- 
anical point of view the cell wall may be likened to the odter cover, and 
the plasma membrane to the inner tube of the pneumatic tyre of a 
motor car. \ 

The integrity of the cell wall is essential to the viability of the 
bacterium. If the wall is weakened or ruptured, the protoplasm swells 
from osmotic imbibition of water, bursts the weak plasma membrane 
and escapes. The bacterium thus becomes disintegrated and dies. 
The process of lethal disintegration and dissolution is termed lysis. 
When the rupture occurs locally in some part of the cell wall and a 
bubble of protoplasm is extruded there, the process is called plasmoptysis. 

When intact bacteria, particularly Gram-negative bacteria, are 
placed in a solution of very high solute concentration and osmotic 


pressure, water may be withdrawn osmotically from the protoplast to 
the extent that this shrinks, detaching and retracting the plasma mem- 
brane from the cell wall. This process is called plasmolysis. A similar 
process takes place when bacteria are dried, as in preparing a dry film 
on a microscope slide. Plasmolysis may be reversible or it may be lethal. 

The cell wall plays an important part in cell division. A transverse 
p^ition of cell wall material grows inwards, like a closing iris dia- 
phrag^, from the lateral wall at the equator of the cell and forms a 
complete aoss wall separating two daughter cells. Splitting of the 
cross wall occurs immediately or at some time after its formation and 
results in liberation of the daughter cells. In cases where bacteria 
grow firmly attached together in clusters {e.g. staphylococci), pairs (e.g. 
pneumococci), chains (e.g. streptococci) or rods and filaments (e.g. 
Bacillus antkracis), the attachment depends on the cell walls remaining 
m continuity, i.e. without splitting of cross walls, for the duration of 
several generations after cell division. 

“r ^ conventionally stained smears examined 

I'niri -ki^ microscope; it generally remains unstained and lies, 
invisible, outeide the stamed shrunken bacterial protoplast. It can be 
demonstrated by special staining methods but most readily and dearly 

«,d, » i 

a the shrunken protoplast, in whole-ccU prepara- 
tions shadowcast with heavy metal. ^ ^ 

bS hialUnlrlf Considerably between different bacterial species, 
but m all species the mam strengthening component (the “basal struc- 
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ture”) is a mucopeptide (glycopeptide) substance. The mucopeptide is 
composed of acetylglucosamine and acetylmuramic add molecules 
linked alternately in a chain, the acetylmuramic acid molecules each 
carrying a short peptide side-chain containing D- and L-alanine, 
D-glutamic add and either L-lysine or diaminopimelie acid. The wall 
also contains some other components (collectively called the “special 
structure") whose nature and amount vary with the spedes and whose 
role is unlcnown. In Gram-positive bacteria the special structure is 
generally simple and minor in amount; e.g. in Staphylococcus aureus 
it consists of teichoic acid (ribitol phosphate polymer) and glycine, and 
makes up only about 20 per cent, of the weight of the wall. In Gram- 
negative bacteria it is complex and large in amount, e.g. in Escherichia 
coli it comprises lipid, polysaccharide, protein and lipopolysaccharide 
(endotoxin) and makes up over 80 per cent, of the wall weight. 

The presence of a muramic add-oontaining mucopeptide has 
recently been demonstrated in rickettsiae and “viruses” of the psitta- 
cosis group, and this is taken to indicate that these organisms are 
phylogenetically related to the bacteria rather than to true viruses, in 
which muramic acid has not been found. 

The cell wall, and in particular its basal mucopeptide component, 
is the target of the action of a variety of antibiotics and other anti- 
bacterial agents. Penicillin, bacitradn, novobiocin, oxamycin (D-cyclo- 
serine) and gentian violet are known to interfere with particular stages 
in the manufacture of the mucopeptide, and bacteria growii^ in their 
presence form defective cell walls (and cross walls) and, as a result, 
undergo lysis and die. The body defence substance, lysozyme, which 
lyses bacteria of many spedes, dissolves the mucopeptide by cleaving 
the acetylglucosamine from the acetylmuramic acid molecules. Bacterio^ 
phages possess a lysozyme-like enzyme that effects their initial penetra* 
tion into the bacterium and, after they have reproduced, causes lysis 
of the bacterium. 

It should be noted, moreover, that bacteria themselves poss^ 
enzymes, called autolysins, able to hydrolyse their own cell-wi^ sub- 
stances. Under some unfavourable physiological (xinditions the auto- 
lysins may act to bring about massive Ijrsis, but normally their action 
is kept in check and is probably confined to the minor removal of wall 
substance necessary for remodelling of the cell wall in the course of 
growth. 

Weakening, removal or defective formation of the cell wall is in- 
volved in the production of the abnormal forms called spheroplasts, free 
protoplasts, pl&morphk irwoluHon forms and L-forms (see below). 

Ci^Mniles, Microcapsules and Loose Slitne. — Many bacteria are 
surrounded by a discrete covering layer of a relatively firm gdatinous 
material that lies outsit and immediately in contact with the cell wall. 
When Ats layer, in the wet state, is wide enough (0-2 /a, or more) to 
be resolved widi the light microscope, it is called a capsuk. When it 
is narrower, and detectable only by indirect, serologidtl means, or hf 
electron mioosoopy, it may be termed a mkrocapsuie (Wilkinson, 1958). 
The rg pMiiar gel consiste largdy of water and has only a small content 
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{e,g, 2 per cent.) of solids. In most species, the solid material is a 
complex polysaccharide, though in some species its main constituent 
is polypeptide or protein. 

Loose slime, or free slime, is an amorphous, viscid colloidal material 
that is secreted extracellularly by some non-capsulate bacteria and also, 
outside their capsules, by many capsulate bacteria. In capsulate 
bacteria the slime is generally similar in chemical composition and 
antigenic character to the capsular substance. When slime-forming 
bacteria are grown on a solid culture medium, the slime remains around 
the bacteria as a matrix in which they are embedded aid its presence 
confers on the growths a watery and sticky, “mucoid” character. The 
slime is freely soluble in water and, when the bacterial are grown or 
suspended in a liquid medium, it passes away from them^nd disperses 
through the medium. \ 

" Demonstration . — Capsules and slime have little affinity for basic 
dyes and are usually invisible in films stained by ordinary methods, 
e.g. Gram’s and Leishman’s. Capsules are most likely to be visualised 
by these stains, as either clear or coloured haloes, when the bacteria are 
contained in blood, pus or serous fluid. Special methods are available 
for the “positive” or “negative” staining of capsules, some being 
applied to dry, and some to wet films. Since capsules consist largely 
of water, they shrink very greatly on drying. For this reason, dry-film 
methods of demonstrating capsules are unreliable; the capsules may 
shrink so much that they become invisible or, on the other hand, 
shrinkage artefacts may give the appearance of capsules on non- 
capsulate bacteria. The most reliable method of demonstration is by 
“negative” staining in wet films with India ink; the carbon particles 
of the ink make a dark background in the film, but cannot penetrate 
the capsule, which thus appears as a clear halo around the bacterium. 
When bacteria that have been grown on solid medium are being ex- 
amined for capsules, it is important that they should first be washed or 
suspended for a sufficient time in water to ensure the removal of any 
loose slime. Loose slime can be observed when films are made directly 
from the solid medium. 

Because of their low solid content and tendency to shrink greatly 
on drying, capsules and microcapsules are not easily demonstrated with 
the electron microscope. A large capsule is commonly seen only as an 
indefinite narrow zone of slight opacity that blurs the otherwise clear-cut 
»edge of the cell wall. Microcapsules may not be seen at all and for this 
reason ffie presence of microcapsules has generally to be deduced from 
serological evidence that the cell-wall antigen {e.g. the O, or somatic 
:antigen in enterobacteriaceae) is masked by a covering layer {e.g. of K, 
ot “capsular ” antigen). 

In attempting to ciemonstrate capsules it should be remembered 
that their development is often dependent on the existence of favourable 
•environmental conditions. Thus, their size may vary with the amount 
of carbohydrate in the culture medium available for nutrition -of the 
kbacteria. In the later stages of growth in artificial culture {e.g, 12-24 hr.) 
%they may become reduced in size due to carbon and energy starvation) 
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or they may disappear due to the accumulatioa in the medium of 
capsule-degrading enzymes (c.^. hyaluronidase in the case of Strepto- 
coccus pyogenes). 

Function . — Little definite is known about the functions of capsules 
and microcapsules, but it is probable that their principal action is in 
protecting the cell wall against attack by various kinds of antibacterial 
agents, e.g. bacteriophages, colicines, lysozjmae and other lytic enzymes, 
that otherwise would more readily damage or destroy it. In the case 
of certain capsulate pathogenic organisms {e.g. pneumococcus, pyogenic 
streptococci, anthrax bacillus and plague bacillus) good evidence has 
been obtained to show that the capsule protects the bacteria against 
ingestion by the phagocytes of the host. The capsule is thus an im- 
portant agent determining virulence and non-capsulate mutants of 
these bacteria are found to be non-virulent. In some organisms the 
capsule contains more than one functional component. Thus, Strepto- 
coccus pyogenes, which under favourable conditions of growlli forms an 
anti-phagocytic capsule composed of hyaluronic acid, usually possesses 
also a second surface substance, M protein, which inhibits either the 
ingestion or the intracellular digestion of the cocci by the phagocytes; 
the M protein occurs in association with the hyaluronic acid capsule 
or, when the latter is absent, by itself in the form of a microcapsule. 
In Bacillus anthracis the capsule (polymer of D-glutamic acid) protects 
the bacteria not only against phagocytosis but also, to some extent, 
against the action of a bactericidal basic pol)rpeptide present in animal 
tissues. 

The capsular substance is usually antigenic (see below) and the 
capsular antigens play a very important part in determining the im- 
munological specificity of bacteria. 

Flagella and Motility. — Motile strains of bacteria possess fila- 
mentous appendages known as flagella, which effect screw-like pro- 
pulsive movements and act as organs of locomotion. The flagellum is 
a long, thin filament, twisted spirally in an open, regular wave-form. 
It is about 0-02 /x thick and is usually several times die length of the 
bacterial cell. It originates in the bacterial protoplasm and is extruded 
through the cell wall. According to the species, there may be one or 
several {e.g. 1-20) flagella per cell, and in eloi^ted bacteria the arrange- 
ment of Ae flagella may be peritrkhous, or lateral, when they originate 
from the sides of the cell, or polar, when they originate from one or both 
ends. Where several occur on a cell, they may Unction coiled togedier 
as a single “tail”. Flagella consist largely or oitirely of a protein, 
flagelUn, belonging to the same chemical group as myosin, Ae con- 
tractile protein of muscle. They can be demonstrated easily and dearly 
with the electron microscope, particularly in metal-shadowed prepara- 
tions or preparations “negatively” stained with phosphotungstic add 
(PTA), usually appearing as simple fibrils without internal dmterentia- 
tion. In some PTA preparations the flagellum appears as a hollow tube 
formed of helically twisted fibrils, and tiie flagella of some bacteria, 
^‘g. vibrios, have an outer sheath; but bacterial flagella do not have the 
complex structure of the flagella and cilia of plants and animab, whidh 
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in all cases consist of two central and nine peripheral fibrils contained 
in a tube-like sheath. They are invisible in ordinary preparations by 
the light microscope, but may be shown by the use of special staining 
methods that involve mordanting and deposition of stain, and in special 
circumstances by dark-ground illumination. Because of the difficulties 
of these methods, the presence of flagella is commonly inferred from 
the observation of motility. 

Motility may be observed either microscopically or by noting the 
occurrence of spreading growth in semi-solid agar medium. On micro- 
scopic observation of wet films, motile bacteria are seen (swimming in 
different directions across the field, with a darting, wrigglinjg or tumbling 
movement. True motility must be distinguished from a drifting of 
the bacteria in a single direction due to a current in the liquid, and also 
from Brownian movement, which is a rapid oscillation of ea^ bacterium 
within a very limited area due to bombardment by the water molecules. 

Among the spirochaetes, motility appears to be a function of the 
cell body, since flagella do not occur. The most characteristic move- 
ment is a fast spird rotation on the long axis with slow progression in 
the axial line; movements of flexion and lashing movements may be 
observed. Some spirochaetes possess an axial filament and others a 
band of fibrils wound around their surface from pole to pole. It has 
been suggested that these structures may contribute to motility, either 
through being themselves contractile or by acting as stiffeners for recoil 
against the contractile protoplast. 

Function . — It is not known with certainty what advantage a bac- 
terium derives from its capability of active locomotion. Motility may 
be beneficial in increasing the rate of uptake of nutrient solutes by 
continuously changing the environmental fluid in contact with the 
bacterial cell surface. Random movement and dispersion through the 
environment may be beneficial in ensuring that at least some cells of a 
strain reach every locality suitable for colonisation. There is, moreover, 
good evidence that the movement of many bacteria is directed by tactic 
responses of the organism towards localities favourable to growth and 
away from unfavourable regions. Thus, bacteria tend to migrate 
towards regions where there is a higher concentration of nutrient 
solutes and away from regions containing higher concentrations of 
disinfectant substances. Motile aerobic bacteria show positive aero- 
taxis and migrate towards regions where there is a higher concentration 
of dissolved oxygen; anaerobes migrate away from such regions. 

It may be supposed that the power of active locomotion will assist 
pathogenic bacteria in penetrating through viscid mucous secretions 
and epithelial barriers, and in spreading throughout the body fluids and 
tissues, but it must be noted that many non-motile pathogens {e.g. 
brucellae Md streptococci) are not any less invasive than motile ones. 

Funbriae. — Certain Gram-negative badlli, including saprophytic, 
intestinal commensal and pathogenic species in the family Entero- 
bacteriaceae, possess filamentous appendages of a ffiffeient Und ftom 
the ^gella. Thew are called fimbriae, and they occur in some non- 
motile, as well as in some motile strains. They arc far more numerous 
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than flagella (e.g. 100-500 being borne peritrichously by each cell) and 
are much shorter and only about half as thick (e.g. varying from O'l 
to 1*5 II in length and having a uniform width between 4 and 8 m/i). 
They do not b^ve the smoothly curved spiral form of flagella and are 
mostly more or less straight. They cannot be se«i widi the light 
microscope but are clearly seen with the electron microscope in me^- 
shadowed preparations and preparations negatively stained with 
phosphotungstic acid. 

Most potentially (t.e. genetically) fimbriate strains of bacteria readily 
undergo a reversible variation between a fimbriate phase and a non- 
fimbriate phase and this variation is affected by the conditions of growth. 
The fimbriate phase becomes predominant, and the majority of bacilli 
in the culture fimbriate, as a result of prolonged culture or serial (48 
hourly) subculture, in static liquid medium incubated aerobically. The 
non-fimbriate phase predominates and cultures consist entirely or 
almost entirely of non-fimbriate bacilli when growth is carried serially 
on a solid culture medium. 

Function . — ^There is evidence that fimbriae may function as organs 
of adhesion. The possession of fimbriae confers on bacilli the power 
of adhering firmly to solid surfaces of various kinds, including those 
of the cells of animals, plants and fimgi. Comparable non-fimbriate 
bacilli do not adhere when they collide with such surfaces. The 
adhesive property may be of value to the bacteria in holding them in 
nutritionally favourable micro-environments. Moreover, bacteria grow- 
ing in stagnant liquid medium under air are assisted by the possession 
of fimbriae to grow attached together in the form of a pelHck that floats 
on the surface of the medium where the growth is greatly enhanced by 
the free supply of atmospheric oxygen. 

Haemagghitinaiion . — The majori^ of fimbriate bacteria bear fimbriae 
of a t 3 rpe that enables them to adhere to, among other kinds of tissue 
cells, the red blood cells of many animal species {e.g. to guinea-pig, 
fowl, horse and pig red cells very strongly, to human cells moderately 
strongly, to sheep cells weakly and to ox cells scarcely at all). If a drop 
of a concentrated suspension of fimbriate bacilli is mixed for a few 
minutes with a drop of a suspension of red cells, preferably guinea-pig 
>‘ed ceils, the adhering bacilli bind the red cells together in dumps 
visible to the naked eye. A simple haemagglutination test can thus be 
used to determine whether a culture contains fimbriate badlli. 

There <»dst different kinds of fimbriae having different adhesive 
properties. The commonest kind {e.g. in escheridiia, salmondla and 
shigella or ganisms ) is about 8 m/i in width, and it may be recognised 
by the observation that its adhesive and haemi^lutinating actiomi are 
completdy and specifically inhibited by the addition of a small amount 
(0-l-^<5 per cent.) of D-maimose to the test mixture {i.e. its activities 
are mannose-sensitive). In addition to, or instead of such fimbriae, 
some klebsidla and serratia organisms possem ‘*thin” fimbriae, about 
S mp in mdfb’, these do not aggbttxnate ted ceOs unless the odis are 
first heat^ or tanned, and their adherive prtqjerties are unafliected by 
mannose. Proteus organisms possess a third kind of fimbriae, vrinch 
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have mannose-resistant haemagglutinating activity against untreated 
red cells of certain species. A few salmonella organisms (e.g. S. 
galtinarum and S. pullorum) possess a fourth kind of fimbrae, apparently 
devoid of all haemagglutinating and adhesive properties. It should 
be noted also that some bacteria, e.g. a minority of strains of Bsch. 
colt, possess haemagglutinating factors (mannose-resistant) that are 
not associated with fimbriae. 

For further information see Duguid and Gillies (1957) and Dumiid 
(1959). ® 

BacterM Reproduction.— Among the "lower” or jtnie bacteria, 
multiplication takes place by simple binary fission. The [cell grows in 
size, usually elongating to twice its original length, and tlte protoplasm 
becomes divided into two approximately equal parts by me ingrowth 
of a transverse septum from the plasma membrane and (5ll wall Jn 
some species, the cell wall septum, or cross wall, splits in Wo and the 
daughter cells separate almost immediately. In others, the cell walls 
of the daughter cells remain continuous for some time after cell division 
and the organisms grow adhering in pairs, clusters, chains or filaments. 
If cross wall splitting is thus delayed in an organism in which the 
cross walls of successive cell divisions are all formed in parallel planes, 
the cells will be grouped in pairs, chains, rods or filaments. If it is 
delayed in an organism which forms successive cross walls in different 
planes, e.g. ones at right angles to each other, the cells wUl be grouped 
in pairs and either cubiral or irregular clusters. Under favourable 
conditions, growth and division are repeated with great rapidity, e.g. 
every hal^hour, so that one individual may reproduce thousands of 
millions of new organisms in less than a day. E.g. a bacterium dividing 
in two every 20 min. multiplies about 1,000,000,000-fold in 10 hr. 
Among the spirochaetes, transverse fission occurs as in other bacteria 

In the higher” or mycelial bacteria, growth takes place by extension 

of Ae vegetative filaments, and multiplication by transverse division 
of Aese mto shorter forms, or by the liberation of numerous conidia 
{vide fiipra) which later germinate and give rise to fresh mycelia. 

Some observers have described more complex processes of repro- 
duction arnong bacteria and postulated life cycles comprising difF»ent 

Slk ? degenerate involution 

S ^ evidence at present available does not warrant acceptance 

bLert kT- >-?production does not occur commoSly in 

barteria, but genetical evidence has been obtained that in a few 

sSy^rr.”' 

particularly those of the genera 
fSi.. 1 resis4t resting^hiS^? w 

»d. .port giv« ri« to a (ingfc 
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Sporulatton, Although it has been suggested that spores ate formed 
spontaneously, as an inteimediate stage in a bacterial life cycle, it seems 
more likely that sporulation occurs as a response to starvation. It does 
not take place as long as conditions continue to favour nuudmal vege- 
tative growth, but occurs when growth is being arrested, as in die later 
stages of artificial culture. In certain 
species, sporulation can be induced 
by depletion of the supply of one of 
the nutrients necessary for vegetative no 
growth, e.g. the carbon and energy 
source, the nitrogen source, sulphate, 
phosphate or iron salt: at the same ^ 

time, the process requires a continued 
supply of other minerals (K, Mg, Mn 
and Ca salts) and favourable con- 
ditions of moisture, temperature, pH, o'" 
oxygen tension, etc. The spore is 
formed inside the parent vegetative 
cell (hence the name “endospore”). 

It develops from a portion of proto- 
plasm near one end of the cell (the 
“forespore”), incorporates part of the Pjg 4 

nuclear materialofthecellandacquires ^ 

a thick covenng layer, the cortex , the bacterial cell, 

and a thin, but tough, outer “spore 

coat” consisting of several layers. The appearance of the mature spore 
varies according to the species, being spherical, ovoid or elongated, 
occupying a terminal, subterminal or central position, and being nar- 
rower than the cell, or broader and bulging it. Finally, the remainder 
of the parent cell disintegrates and the spore is freed. 

ViMlity . — Spores are much more resistant than the vegetative 
forms to injurious chemical and physical influences, including exposure 
to disinfectants, drying and heating. Thus, their killing requires 
application of moist heat at 100°-120® C. for a period {e.g. 10 min.) 
although heating at 60° C. would suffice to kill the vegetative cells. 
Spores may remain viable for many years, either when in the dry state 
or in moist conditions unfavourable to growth, as in absence of nutrients 
sufficient to maintain the minimal metabolism of the vegetative form. 
The high resistance of spores has been attributed to several factors in 
which they differ from vegetative cells: the impermeability of their 
cortex and outer coat, their high content of calcium and ffipioflinic 
acid, their low content of water (maybe 5-20 per cent.), and their very 
low metabolic and enzymatic activity. 

Gemination of the spore occurs when the external conditions become 
favourable to growth by access to moisture and nutrients, in particular 
to tri^r nutrients such as L-alanine, inosine or glucose m certain 
Bacillus species. Spores that have survived exposure to severe adverse 
influences such as heat are found to be mudt more exacting than normal 
spores in their requirements for germination. For th& reason, ^>ecta% 
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enriched culture media are used when testing the sterility of materials, 
such as surgical catgut, which have been exposed to disinfecting 
procedures. In the process of germination, the spore swells, its cortex 
^integrates, its coat is broken open and a single vegetative cell 
emerges. 

Demonstration.— In unstained preparations the spore is recognised 
within the parent cell by its higher refractility. It is larger than lipid 
inclusion granules and is often ovoid, in contrast to the spherical shape 
of the lipid granules. When mature it resists colouration by simple 
stains and Gram’s stain, appearing as a clear space within the stained 
cell protoplasm. Spores are slightly acid-fast and may be stained 
differentially by a modification of the Ziehl-Neelsen pethod. The 
shape of the spore (spherical or ovoid), its size, as judgid by whether 
or not it “bulges” the bacillus containing it, and its position in the 
bacillus (central, subterminal or terminal) are features \that may be 
characteristic and important in the identification of a bacterial species. 
The simple observation that a bacterium is a spore-farmer limits its 
possible identity to species belonging to a very few genera. 

Conidia (exorporer).— Some of the mycelial bacteria (Actinomycetales) 
form conidia, resting spores of a kind different from endospores. The 
conidia are borne externally (extracellularly) by abstriction from the 
ends of the parent cells (conidiophores) and are disseminated by the air 
or other means to fresh habitats. They are not specially resistant to 
heat and disinfectants. 


Pleomorphism and Involution. — In the course of growth, 
bacteria of a single strain may show considerable variation in size and 
shape, forming a proportion of cells that differ grossly from the normal, 
e.g. swollen,^ spherical and pear-shaped forms, elongated filaments and 
filaments with localised swellings. This pleomorphism occurs most 
readily in certein species (e.g. Streptobacillus moniUfortnis, Pasteurella 
pestis), in ageing cultures on artificial medium and, especially, in the 
prpence of antagonistic substances such as penicillin, glycine, lithium, 
chloride, sodum chloride in high concentrations, and organic acids at 
low pH. The abnormal cells are generally regarded as degeneration or 
tnvolutum forms; some are non-viable, whilst others may grow and 
revert to the nomal form when transferred to a suitable environment. 
In many cases the abnormal shape seems to be the result of defective 
cel^-wall synthesis; the growing protoplasm expands the weakened 
waU to produce a grotesquely swollen cell comparable to a spheroplast 
(see below), which later usually bursts and lysw 

““1 bacteria have their cell 

walk remwed or weakened while they are held in a medium of high 

and ^ ““y «»cape bcini Ijied 

and mst^d, may become converted mto vkblc iheri^ bodks If 

fee ^0^^ ^ A tbe s^ are 

eadUy liberated from the Gram-positive bacillus, Baeairn 
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teritm, by dissolution of the cell walls with e^-white lyso^me. 
Spheroplasts are readily produced from Gram-negative bacilU such as 
Escherichia coK by growing the organism in the presence of a substance, 
e.g. penicillin, bacitracin, oxamycin or glycine, that specifically inhibits 
synthesis of the mucopeptide component of the cell wall. A similar 
result may be obtained by culturing certain bacteria on medium lacking 
a nutrient, e.g. diaminopimelic acid, lysine or hexosamine derivative, 
that they require specifically for cell-wall synthesis. 

Protoplasts and spheroplasts are osmotically sensitive; they vary in 
size with the osmotic pressure of the suspending medium and if the 
medium is much diluted, e.g. until isotonic with body fluids, they swell 
up, burst and perish by lysis. If maintained in an osmotically protective 
nutrient medium, they remain viable and continue to metabolise, 
synthesise and grow. Protoplasts enlarge but do not multiply. Sphero- 
plasts, when kept on an osmotically protective agar medium containing 
a cell wall inhibitor such as penicillin, may multiply by fission or 
budding and reproduce through many serial subcultures. The sphero- 
plasts of Gram-negative bacilli, because they retain a residud wall 
structure, are not as osmotically sensitive as free protoplasts and are 
often capable of growing on an ordinary agar culture medium. Proto- 
plasts have not been found capable of re-forming their cell walls and 
reverting to normal bacterial morphology, but spheroplasts commonly 
revert en masse when transferred to culture medium lacking the cell 
wall inhibitor. Spheroplast cultures have sometimes been called 
“unstable L-forms” on account of their resemblance in colonial and 
cellular morphology to the stable L-forms of bacteria (see below). 

L'forms of bacteria. — ^These are abnormal growth forms derived 
bv variation, usually in the laboratory, from bacteria of normal morph- 
ology, e.g. cocci, bacilli or vibrios. They differ from the parent bacteria 
in lacking a rigid cell wall and, in consequence, regular size and shape, 
but they are nevertheless viable and capable of growing and multiplying 
through an indefinite series of cultures on a suitable artificial nutrient 
medium. They are soft protoplasmic bodies, generally spherical or 
disc-like, but also extremely variable in shape, and they range in size 
from minute bodies about O'l fi in diameter to large ones of 10-20 is. 
The smallest viabk forms are about O' 3 ft in diameter and can occasion- 
ally pass through bacteria-stopping filters. Some L-forms may be 
entirely devoid of a cell wall, and others, like spheroplasts, possess an 
intact cell wall that is weakened by absence of a strei^hening com- 
ponent (mucopeptide). 

Colonies of L-form organisms on agar media are small ^d have a 
characteristic Tried egg’ appearance; they have a dark, thick centre, 
where many of the organisms embed themselves and grow withm the 
agar, and a lighter peripheral zone with a lace-like textare consisting of 
organisms lying on the surface of the agar together with oily excretory 
droplets (probably containing cholesterol). In liquid med^ growui 
« usually in the form of clumps. Because of Aeir fragility, iracro- 
scopical examination of L-forms is best done while th^ are m 
the agar medium, a ooverslip beii^ applied to a block of agw bearing 
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the growth. If desired, the organisms cm be stained after fixation by a 

fixative that is allowed to diffuse through the agar. 

Oriein —Some bacteria, e.g. Streptobanllm momhfonms and Bac- 
teroides Bop. give rise spontaneously to L-forms even when grown in 
an optimal culture medium. In many other species, L-form growth 
may be induced by culture in the presence of an inhibitor of cell wall 
synthesis, such as penicillin, or by deprivation of a nutrient essential 
for cell wall synthesis, e.g. diaminopimelic acid, or by destruction of 
the cell wall with antibody and complement. 

Maintenance. — Though L-forms of some species maiy be grown on 
ordinary culture media, even in liquid medium, generally a special 
medium must be used : e.g. a soft agar medium containing meat infusion 
and 20 per cent, horse serum. Agar apparently gives mechanical 
support to L-bodies embedding themselves and multiplymg by lobula- 
tion within it. Some L-forms require a medium with a\large content 
of sucrose or sodium chloride for osmotic protection, as described for 
the maintenance of spheroplasts. 

Reverskm to the bacterial form. — True, or stable L-forms, even if 
their origin was induced by exposure to penicillin or other cell-wall 
inhibitor, continue to reproduce as L-forms through repeated sub- 
cultures in the absence of cell-wall inhibitor, and do not give rise to 
revertants of normal bacterial morphology. Unstable L-forms, e.g. 
growths of penicillin-induced spheroplasts, generally revert en masse 
to the normal bacterial form within a few hours of culture in the 
absence of the inducing agent. Transitional L-fbrms give rise occasion- 
ally to small numbers of bacterial revertants. 

Role. — Although they have many resemblances to the pathogenic 
mycoplasma organisms, L-forms should probably be regarded as 
laboratory artefacts, degenerate growths that do not occur or survive 
to any important extent in natural habitats. They are non-pathogenic 
to laboratory animals. 
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CHAPTER 3 

THE GROWTH AND NUTRITION OF BACTERIA 

Bacteria, when inoculated into a suitable medium and incubated under 
ippropriate conditions, grow at a very rapid rate. In this sense, the 
;erm “grow ’ refers to the fact that there is an increase in the number 
)f cells present, in other words, there has been multiplication of cells 
•ather than an increase in size of each bacterium. This is the result 
)f the normal method of division of a “true” bacterium which is by 
jinary fission. It is important to realise how rapid growth may be under 
"avourable circumstances when a cell may double every 15—20 min. 
[f this rate was maintained for 24 hr., the progeny of a single cell would 
je about 1 x 10®* celb and would have a mass of approximately four 
housand tons. The conditions used for culture never permit such a 
•ate of multiplication for more than a short time, generally because of 
in insufficiency of food or nutrients. 

When a culture of an organism is inoculated into a fresh growth 
nedium, the inoculum used will usually contain a comparatively small 
lumber of cells which may multiply by a factor of a million-fold or more 
luring growth. If the number of cells present at different times after 
noculation is measured, it is possible to draw a growth curve in which 
t is usual to plot the logarithm of the number of bacteria against time. 
Two types of growth curve can be drawn according to the nature of 
the measurement of cell numbers used. A total cotmt will measure the 
number of cells present irrespective of whether they are living or not. 
On the other hand, a viable count measures only those cells capable of 
growing and hence of producing a colony on a suitable solid growth 
medium. Typical growth curves are shown in Fig. 5. Four main 
phases of gro>^ can be recognised. 

1. The Lag Phase. — In this period there is no appreciable multi- 
plication of cells although they may increase considerably in size aAd 
show marked metabolic activity. The length of this phase varies 
according to the condition and number of cells in the inoculum and it 
can be looked upon as representing the time taken for the organism to 
adapt itself to growth in the fresh medium. The ceils in an inoculum 
may be so depleted of enzymes, metabolic intermediates, and other 
factors, that some time is required for these materials to build up to 
their optimal levels. Alternatively, if the new medium is different in 
composition to that in which the inoculum was growing previously, 
entirely new enzymes may require to be synthesised by Ae process of 
induction or by ^e selection of mutants. 

2. The Log or Es|Kmential Fliase. — In this period, the cdQs 
divide at a constant rate and, as a result of growth by binary fisskin, dime 
is a linear relationship between die logarithm of the number of cells 
and time. Cells in the log phase must have a very high rate imsta- 
inilism and, as a result of thdr adaptation to the maximum rate of 
synthesis and groi^ possible, d^ may be considerably more semtdve 



medical microbiology 


3;i 



Fig. 5 

Continuous line = Total number of bacteria alive and dead. 

Interrupted line = Total number of tiring bacteria. 

to the effect of antimicrobial agents. The actual rate of growth will be 
determined by the generation time (the time between divisions) of the 
bacterium under the particular environmental conditions used. The 
nature of some of the environmental factors affecting the rate of growth 
will be considered later. 

3. The Stationary Phase. — After several hours, there is a decrease 
in the rate of growth until the number of cells eventually stays constant 
and the culture passes into the stationary phase. This cessation of 
growth is most commonly caused by the exhaustion of an essential 
nutrient in the medium, although another factor may be the accumula- 
tion of toxic waste products, e.g. acids produced by the fermentation 
of sugars. 

4. The Death or Decline Phase. — ^After a variable period of time 
in the stationary phase, the cells in a culture begin to die — that is they 
become incapable of growth when transferred to a fresh medium. This 
can be seen in Fig. 5 as an increasing divergence between the total 
count of living and dead cells and the viable count of living cells only 
The causes of this death or loss of viability arc various, the main 
determinant being the factor causing the cessation of grmirth in the 
stationary phase. If this cause is the accumulation of toxic products, 
there may be a very small stationary phase followed by rapid death. In 
some cases, there may be a rapid fall in the total count as well as A® 
viable count. The reason for this is that some microorganisms are vety 
prone to digest themselves so that they eventually lyse liberating^tli^ 
cytoplasmic contents into the environment; this process is known a* 
autolysis. Another common occurrence in this phase of growth is th< 



BACTERIAL NUTRITION 


33 


appearance of bizarre cell ahapes together with a chaise of staining 
characteristics. For example, cells in the stationary phase and decline 
phase often change from gram-positive to gram-negative. 

Growth of the type discussed above, in which an uioculum is placed 
in a culture vessel, is known as batch culture and is the usual method of 
growing bacteria in the laboratory. However, it is possible to use an 
“open” system in which there is a continuous supply of fresh nutrients 
into the culture vessel and a continuous removal of grown bacteria by 
means of a constant level device. This method of culture — called 
continuous culture — ^has been used recently for research and indust^ 
purposes and it may correspond more truly with the situation occurring 
in some diseases of man and animab. 

In order to identify and study a bacterial species, it is necessary to 
grow the organism under laboratory conditions and it is therefore 
essential to know its growth requirements. Two conditions must be 
fulfilled: (i) Suitable nutrients must be supplied: (ii) The ph 3 r 8 ical 
conditions must be as near optimum as possible for the organism under 
consideration. 

Bacteria differ widely in the nutritional requirements and the 
physical conditions needed for growth, and it is therefore of great 
importance to understand these factors. 


BACTERIAL NUTRITION 

The growth of bacteria is dependent on an adequate supply of 
suitable food materials, the specific nutrient requirements varying in 
the different species according to their natural environmental adapta- 
tions. Some species are able to grow under a wide range of conditions, 
but others, especially the more strictly parasitic {e.g. gonococcus) ^ 
very exacting and restricted in their requirements. Whilst it is hardly 
possible to reproduce exactly the natural environmental conditions of 
pathogenic bacteria, suitable artificial culture media have been devised 

for the great majority. . „ . v 

The chemical composition of all bacteria is essentially Mimlar, the 

principal components being as follows: — 

1. High molecular weight organic compounds, usually polyme^ 
such as proteins, nucleic acids, pol 3 ^ccharide 8 and lipids. These make 
up at least 80 per cent, of the dry weight of bacteria. 

2. Low molecular weight organic comirounds such as coenzyi^, 

prosthetic groups and intermediary metebolites. These make up about 
10 per cent, of the iy weight of bacteria. ^ 

3. Inorganic compoim^ such as water and mmeral sal^ ^ 

The study of comparative biochemistry has shown how sun^ 

living organisms are in their component chemic^ umte 
mechanisms by which these componrats ^ 

metabolism. This concept is gen^y r^rr^ to » “ 

Biochemistry”. TTuis the nudeotide and ammo add ownpwifflits of 
nudeic and proteins are the same in bactena as in mamtnais or 

c 
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higher plants, and their synthetic pathways are usually very similar. 
It is evident that nutrients must be provided in the medium for the 
synthesis of the components outlined above, and that they must there- 
fore provide both the structural units required as well as energy for 
the formation and polymerisation of these structural units, for the 
maintenance of membrane equilibria, for motility and for other energy- 
requiring processes in the cell. In view of the similarity of the chemical 
components of all microorganisms, the different nutrient requirements 
that are found must reflect different synthetic abilities. The trans- 
formation of simple nutrients into the complex constitueiits of bacteria 
involves the formation in stages of various intermediate substances of 
increasing chemical complexity, each stage in the synthesis being cata- 
lysed by an appropriate enzyme. Any interference with anptermediate 
metabolite or with its associated enzyme will inhibit growth by prevent- 
ing the metabolite from being used for further synthesis. \ 

It is by such interferences that many antiseptics, chemotherapeutic 
drugs and antibiotics bring about the inhibition of growth or killing of 
the organism. For example, the sulphonamide series of drugs act by 
preventing the conversion of the growth factor p-aminobenzoic acid 
into a coenzyme form related to folic acid which is required for essential 
synthetic reactions within the cell, and in the absence of this coenzyme 
the cell dies. It soon became evident that p-aminobenzoic acid and 
the sulphonamide nucleus have a very similar chemical structure and 
compete for the same site on the enzyme responsible for the further 
metabolism of p-aminobenzoic acid— a process known as competitive 
inhibition. It has been possible to produce many antimicrobial drugs 
by preparing chemical analogues of other essential growth factors 
although unfortunately few of these have had much practical value in 
the treatment of infections. However, it is probable that many anti- 
microbial drugs act in this way and much research is being done to 
identify the sites of this action. It is known that penicillin inhibits 
some stage in the synthesis of the mucopeptide of the bacterial cell 
wall, but so far the nature of this inhibition is unknown. 

If we consider the basic elements making up the chemical com- 
ponents of a living organism, it is evident that the main elements re- 
quired for growth are carbon, hydrogen, oxygen and nitrogen, with 
sulphur and phosphorus being requir^ in somewhat smaller amounts 
and other elements such as sodium, potassium, magnesium, iron and 
manganese in considerably smaller amounts. Since hydrogen and 
oxygen can be supplied in the water essential for any growth, it is 
evident that carbon and nitrogen are the main bulk elements required. 

The Carbon Source for Growth,— Some non-parasitic bacteria are 
able, like the plants, to utilise carbon dioxide as the main source of 
carbon and are called autotrophs (or lithotrophs). Energy is obtained 
in these organisms by the oxidation of inorganic compounds (chemo- 
synthetic autotrophs) or from sunlight (photosynthetic autotrophs). 
The majority of bacteria, however, including all the parasitic species, 
require organic nutrients such as carbohydrates, amino acids, peptides 
or lipids to serve as the sources of carbon and energy. These organisms 
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are called heterotrophs (or organotrophs), and they obtain their energy 
by the breakdown of the organic carbon source or sources. They differ 
widely in the range of organic compounds that can be used. Thus 
some bacteria are remarkably versatile as evidenced by the fact that 
some species of the genus Pseudomonas can utilise any one of over a 
hundred organic compounds (sugars, acids, alcohols^ etc.) as the sole 
source of carbon and energy. On the other hand, many bacteria are 
much more specific in their requirement. 

The Nitrogen Source of Growth. — Bacteria differ widely in the 
nature of their requirement for nitrogen, reflecting differences in their 
ability to synthesise the main nitrogenous structural units — amino acids 
and nucleotides. Thus some are able to grow on an anunonium salt as 
the sole source of nitrogen, while others require a variety of amino 
acids and nucleotides preformed in the medium. 

The Requirement for Growth Factors. — As mentioned previ- 
ously, essential metabolites such as coenzymes and prosthetic groups 
are required by all bacteria. They must be synthesised by the cell or 
be provided, at least in a simplified form, in the growth medium. If 
required as nutrients, these substances are called “growth factors” or 
“bacterial vitamins” and they are usually only needed in very small 
amounts, their function being catalytic rather than structural. They 
are diverse substances with regard to their chemical nature and in many 
cases they are identical with thq vitamins required for mammalian 
nutrition {e.g. thiamine, riboflavine, nicotinic acid, pyridoxine, p-amino- 
benzoic acid, folic acid, biotin, cobamide, etc.). 

Under appropriate conditions in synthetic media, the amount of bac- 
terial growth is linearly proportional to the concentration of a growth 
factor, essential amino acid or nucleotide whose supply is deficient in 
relation to other nutrients. This is the principle of microbiological 
assay, wherein the amount of a growth factor, amino acid, or nucleotide 
is measured according to the amount of the growth that it supports, e.g. 
assay of cobamide (vitamin B^j) using LactabaciUus leichmami. The 
method has the advantage of specificity and high sensitivity. In the 
case of vit a mins it is possible to determine as little as 0*001 fig. per ml., 
and in some cases {e.g. biotin, cobamide) considerably less. 

Inorgamc Salts for Growth. — Bacteria require a supply of in- 
organic salts for growth, particularly phosphate and sulphate among 
the anions and sodium, potassium, magnesium, iron, manganese and. 
calcium among the cations. 

Nutritional Evolution 

It has been shown that bacteria differ widely in their requirements 
for amino acids, nucleotides and growth factors and therefore in their 
s}mthetic capacities. Some, especially among the non-parasitic 
species, have comprehensive synthetic abilities and are therefore non- 
ej»ict^4iutritionally; they are able to synthesise all thdr structiual 
units from the car^n and energy source and inorganic salts. For 
example, Enhendua coti can grow on a “simple synthetic medium” 
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which contains only glucose (carbon and energy source), ammonium 
sulphate (nitrogen and sulphur source), phosphate buffer, potassium 
chloride, magnesium chloride and traces of other inorganic salts; 
alternatively, an amino acid such as alanine might serve as the combined 
source of carbon, energy and nitrogen. Other bacteria, in the course 
of evolution towards a strictly parasitic mode of life, have increasingly 
obtained their amino acids, nucleotides and growth factors from die 
tissues of their host, and have lost the power of s)mthesising these 
compounds. Many species are thus nutritionally exacting (e.g. Strepto- 
coccus pyogenes) and can grow in a s)mthetic medium on^ if it contains 
a wide range of different amino acids, nucleotides and growth factors. 
This process of nutritional evolution to increasing dewndence upon 
nutrients in the environment can be paralleled in the laboratory by the 
selection of mutants. An enzyme catalysing a step in the synthesis of 
an amino acid, nucleotide or growth factor, may be lost u a result of 
gene mutation (p. 94) and the variant strain thus becomes nutrition- 
ally exacting in respect of the substance which the parent strain can 
synthesise for itself. 


THE PHrSICAL CONDITIONS REQUIRED FOR GROWTH 

As stated previously, bacterial gipwth can be extremely rapid. If a 
cell can double its size and divide within 30 minutes, it must therefore 
be capable of synthesising its own weight of cell material within this 
period. In order to do this, it must have a very rapid rate of metabolism 
together with a correspondingly rapid uptake of nutrients and disposal 
of waste products. It can only do this on account of its small size, which 
gives it a very large surface for absorption and excretion in relation to 
its volume. But the very rapid growth that can occur in the log phase 
is only possible under certain restricted environmental conditions: it 
is most important to understand these thoroughly. 

The Influence of Oxygen and Redox Potential 

The majority of bacteria are described as facultative anaerobes be- 
cause they are able to grow either aerobically, i.e. in the presence of air 
and free oxygen, or anaerobically, in its absence. Certain other species 
will grow only in the presence of air or free oxygen, and are described 
as strict or obligate aerobes. Still others will grow only in the absence 
of free oxygen and are usually killed in its presence; these are known 
strict anaerobes. In the latter case, the ultimate determining factor 
is the state of oxidation of the environment, this being best described 
in terms of the oxidation-reduction, or “redox” potential. A sufficiently 
low redox potential for the ^owth of strict anaerobes is usually provided 
by placing the culture medium in an atmosphere of hydrogen, with the 
■complete exclusion of free oxygen {e.g. in a McIntosh and Fikles 
-anaerobic jar). It has been suggested that in the presence of oxygen a 
strict anaerobe is liable to produce toxic peroxides which it cannot 
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destroy owing to lack of catalase, an enzyme present in most aerobes 
and facultative anaerobes. Finally, there is a group of organisms which 
grow best in the presence of a trace only of free oxygen and often prefer 
an increased concentration of carbon dioxide; these are called wkro- 
aerophiUc. 

The natural environment of a bacterium is determmed by its oxygen 
and redox potential requirements. Thus, a strict aerobe like the 
tubercle bacillus will grow best in a well-aerated environment such as 
the animal lung, and a strict anaerobe like Clostridium toelchU requires 
an anaerobic environment such as in the contents of the intestine or in 
dead tissue in a lacerated wound. 

As stated previously, heterotrophic bacteria obtain their energy 
by the breakdown of the carbon and energy source. The aerobic or 
anaerobic nature is related to the aerobic or anaerobic nature of this 
metabolism. Thus aerobes obtain most of their energy by a series of 
coupled oxido-reductions in which the ultimate electron-acceptor is 
atmospheric oxygen; in this aerobic respiration, the carbon and energy 
source may be completely oxidised to carbon dioxide and water. Energy 
is obtained by the production of energy-rich phosphate bonds and their 
transfer to adenosine diphosphate (ADP) to form adenosine triphosphate 
(ATP) during the passage of electrons through the electron-transport 
system. This process is known as oxidative phosphorylation. The 
electron-transport systems of microorganisms are often very similar to 
those occurring in higher organisms and involve pyridine nucleotide 
coenzymes, flavoproteins, cytochromes and cjrtochrome oxidase. 

Anaerobes, on the other hand, oxidise compounds at the expense 
of some electron acceptor other than oxygen. In some instances, an 
inorganic compound capable of reduction such as nitrate or sulphate 
acts as the electron acceptor; this process is known as anaerobic 
respiration and energy is again produced mainly during the passage 
of electrons from the substrate to the inorganic electron acceptor. 
However, anaerobic growth probably occurs more commonly by the 
carbon and energy source acting both as the electron donor and the 
electron acceptor in a series of oxido-reductions. This process is 
known as fermentation and it leads to the formation of a variety of 
v/aste products such as ethanol in yeasts and organic acids and alcohols 
in bacteria, e.g. lactic acid in the lactobacilli and streptococci, and a 
mixture of lactic, acetic, formic and succinic acids in the entero- 
bacteria. Carbon dioxide and, in some cases hydrogen, is commonly 
produced and therefore fermentation is usually accompanied by the 
production of both acid and gas. The nature of the fermentation pro- 
duct is also of significance in the classification of bacteria. During the 
, process of fermentation, energy-rich phosphate bonds are product by 
the introduction of inorganic phosphate into intermedtetra on the 
fermentation pathway, a process known as substrate-level phosphoryla- 
tion. The energy-rich phosphate groups so produced are tiaiwferred 
on to ADP to form ATP under the influence of file appropriate oizyme. 
ft should be noted that the amount of energy produced from a given 
amount of carbon and energy source under anaerobic conditions is 
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considerably less than that produced under aerobic conditions and 
therefore growth of a facultative anaerobe is usually much more 
abundant aerobically. 

The Influence of Carbon Dioxide 

It is now recognised that all bacteria require the presence of a small 
amount of carbon dioxide for growth, an amount normally provided 
by the atmosphere or by oxidation and fermentation reactions within 
the cell itself. Some bacteria, however, require a much higher con- 
centration of carbon dioxide (5-10 per cent.), which must be provided 
in the environment of the culture medium (e.g. Brucella aboktus, when 
first isolated from the body). 

The Influence of Temperature 

(a) Om Growth. — For each species there is a definite temperature 
range within which growth takes place. The limits are the “maximum” 
and “minimum” temperatures, and an intermediate “optimum” tem- 
perature can usually be recognised at which growth is most rapid. In 
the laboratory, bacteria are grown at this optimum temperature in 
a thermostatically controlled incubator. The optimum temperature 
of a bacterium is approximately that of its natural habitat, e.g. about 
37° C. in the case of organisms that are parasitic on man and warm- 
blooded animals. These, and many saproph)rtes of soil and water, 
which grow best at between 25° and 40° C., are termed mesophilic. 
Some mesophiles have a wide growth temperature range {e.g. 5°--43° C. 
for Pseudomonas pyocyaned), whilst others are more restricted {e.g. 
30°-39° C. for Neisseria gonorrhoeae). None of them grows appreciably 
at temperatures below 5° C., (as in a domestic refrigerator at3°-5° C.), 
and few at more than 45° C. 

A group of soil and water bacteria, the psychrophUes^ grow best at 
temperatures below 20° C., usually quite well at 0° C. and in some cases, 
slowly, down to about — 7° C. on unfrozen media. Their importance 
lies in their ability to cause spoilage of refrigerated and frozen food, 
though none is pathogenic, .^mother group of non-parasitic bacteria, 
the thermophiles, grow best at high temperatures between 55° and 80° C., 
and have minimum growth temperatures ranging from 20° to 40° C. 
(facultative thermophiles), or even above 40° C. (strict thermophiles). 
These organisms are important as a cause of spoilage in under-processed 
canned foods, since many form spores of exceptionally high heat- 
resistance. 

{h) On Viability . — Heat is an important agent in the artificial 
destru^on of microorganisms, the effect depending under moist 
conditions on the coagulation and denaturation of cell proteins, and 
under dry conations, on oxidation and charring. Among the bacteria 
that are parasites of mammalian animals, non-sporing forms in the 
presence of water generally cannot withstand temperatures above 45° C. 
for any length of time. The time of exposure to heat that is necessary 
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for killing is shorter the higher the temperature, and various other 
factors influence the exact amount of heating required. Thus, bacteria 
are more susceptible to “moist heat’^ e,g. in hot water or saturated 
steam, than to “dry heat“, e,g, in a hot-air oven. They are rendered 
more susceptible by the presence of acid, alkali or any chemical dis- 
infectant, and less suceptible by the presence of organic substances 
such as proteins, sugars and fats, and also by their own occurrence in 
large numbers. The thermal death point of a particular organism may 
be defined as the lowest temperature that kills it under standard 
conditions, within a given time, €,g. ten minutes. Under moist condi- 
tions, it lies between 50° and 65° C. for most non-sporing mesophilic 
bacteria, and between 100° and 120° for the spores of most sporing 
species {e,g. about 105° C. for CL tetani and 115° C. for CL botulinum). 
The extreme limit of resistance to moist heat is shown by the spores of a 
non-pathogenic, strictly thermophilic bacillus, J3. stear other mophilus^ 
whose killing requires exposure to 121° C. for 10-35 minutes. With 
dry heat, the 10-minute thermal death points of the different sporing 
bacteria are mostly between 140° and 180° C. 

At low temperatures some species die rapidly, but the majority 
survive well. Cultures of the latter may be preserved for long periods 
at between 3° and 5° C. in a domestic-type refrigerator, or in the frozen 
state as between —20° and —70° C. in a “deep freeze'* cabinet. The 
process of freezing kills a proportion of the bacterial cells present, and this 
is least if freezing is effected rapidly {e.g. by use of solid carbon dioxide). 

The Influence of Moisture and of Desiccation 

Four-fifths by weight of the bacterial cell consists of water and, as 
in the case of other organisms, moisture is absolutely necessary for 
growth. Drying in air is injurious to many microbes, and the different 
species vary widely in their ability to survive when dried under natural 
conditions, as in infected exudate smeared on clothing or furniture, and 
converted to dust. Thus, the gonococcus. Treponema pallidum and the 
common cold virus appear to die almost at once, while the tubercle 
bacillus. Staph, aureus and the smallpox virus may survive for several 
months. Bacterial endospores survive drying especially well; for 
instance, those of Bacillus antkracis^ when dried on threads, have 
survived for over sixty years. 

Even delicate, non-sporing organisms may survive drying for a 
period of years if they are desiccated rapidly and completely, preferably 
while frozen, and thereafter maintained in a high vacuum (O’Ol mm. 
Hg., or less) in a sealed glass ampoule which is stored at room tempera- 
ture in the dark. This is the basis of the lyophilisation or “freeze- 
drying" process of preserving bacterial cultures in the laboratory. 

bifluence of Hydrogen-iim Concentration 

This is an essential factor in bacterial metabolism and growth. The 
majority of commensal and pathogenic bacteria grow best at a neutral 
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or very slightly alkaline reaction (pH 7*2 to 7-6). Some bacteria, 
however, flourish in the presence of a considerable degree of acidity 
and are termed acidophilic^ e.g. Lactobacillus. Others are very sensitive 
to acid, but tolerant of alkali, e.g. Vibrio cholerae. Strong acid or alkali 
solutions, e.g. 5 per cent, hydrochloric acid or sodium hydroxide, are 
rapidly lethal to most bacteria, the mycobacteria {e.g. tubercle bacillus) 
being exceptional in resisting them. 

The Influence of Light and other Radiatit^ 

Darkness is a favourable condition for growth and viabUity. Ultra- 
violet rays are rapidly bactericidal, e.g. direct sunlight or ral^iation from 
a mercury vapour lamp. Even dif^se daylight, as it enters a room 
through window glass, significantly shortens the survival of micro- 
organisms and may be of hygienic importance. Bacteria are\jalso killed 
by Cathode and Rongten rays, and by radium emanations. 


The Influence of Osmotic Pressure 

As a result of the presence of a semi-permeable cytoplasmic mem- 
brane, bacteria resemble other cells in being subject to osmotic pheno- 
mena. Relatively, however, they are very tolerant of changes in the 
osmotic pressure of their environment and can grow in media with 
widely varying contents of salt, sugar and other such solutes. This is 
partly a reflection of the thickness and mechanical strength of their cell 
walls. For most species the upper limit of sodium chloride concentra- 
tion permitting growth lies between 5 and 15 per cent., though halophilic 
(or osmophilic) species occur which can grow at higher concentrations 
up to saturation. The latter are saprophjrtes whose importance lies in 
their ability to cause spoilage of food preserved with salt or sugar. 
Sudden exposure of bacteria to solutions of high concentration {e.g. 
2-25 per cent, sodium chloride) may cause plasmolysis, i.e. temporary 
shrinkage of the protoplast and its retraction from the cell wall due to 
me osmotic withdrawal of water; this occurs much more readily in 
Gram-negative than in Gram-positive bacteria. Sudden transfer from 
a concentrated to a weak solution, or to distilled water, may cause 
plasmoptym, i.e. swelling and bursting of the cell through excessive 
osmotic imbibition of water. 


The Influence of Mechanical and Sonic Stresses 

Although their cell walls have considerable strength and some 
elasticity. It IS possible to rupture and kill bacteria by exposure to 
mwhamcal stresses, A bacterial suspension may be largely disinteg- 
rated by subjection to very vigorous shaking with fine glass beads, or to 
supersonic or ultrasonic vibration (9,000-200,000, and over 200,000 

These measures are used in isolating 
the large molecular components of the cell. “ 



CHAPTER 4 


CLASSmCATION AND roENTMCATION OF 
BACTERIA 

MORPHOLOGICAL CLASSmCATtON 

The main groups of bacteria are distinguished by microscopical 
observation of their morphology and staining reactions, initially in a 
Gram-stained preparation. They can be classified simply as follows: 

1. Lower Bacteria. — Simple, generally unicellular structures, 
never in the form of a mycelium or sheathed filaments. 

1. Cocci — spherical or nearly spherical cells. 

2. Bacilli — relatively straight rod-shaped (cylindrical) cells. 

3. Vibrios — curved rod-shaped cells (“comma-shaped”). 

4. Spirilla — spirally twisted, non-flexuous rods. 

5. Spirochaetes — ^thin, spirally twisted, fiexuous filaments. 

II. Higher Bacteria. — Filamentous organisms, some being 
sheathed and some growing with branching to form a mycelium. 
May have certain cells specialised for reproduction; e.g. 

Actinomycetes — simple branching filaments forming a mycelium; 
may form conidia; non-motile. 

Cocci 

The main groups of cocci are distinguished according to their pre- 
dominant mode of cell grouping and their reaction to the Gram stain. 
The following groups correspond with biological genera: 

(1) Diplococcm. — Cells mainly adherent in pairs and slightly elon- 
gated in axis of pair; Gram-positive (e.g. D. pneumoniae). 

(2) Streptococcus. — Cells mainly adherent in chains, due to success- 
ive cell divisions occurring in the same axis; Gram-positive (e.g. 
Strept. pyogenes). 

(3) Staphylococcus. — Cells mainly adherent in irregular clusters, 
due to successive divisions occurring irregularly in different planes; 
Gram-positive (e.g. Staph, aureus). 

The genus Micrococcus, comprising only non-pathogenic species, 
is similar to Staphylococcus, though some of its species differ in size, in 
being motile or in being only we^y Gram-positive. 

(4) Gaffkya. — Cells mainly adherent in plates of four (tetrads), or 
multiples hereof, due to division occurring successively in two planes 
at right angles; Gram-positive (e.g. Ge^. tetragena). 

(5) Sarcma. — Celb mainly adherent in cubical padkets of eight, or 
multiples thereof, due to division occurring successively in three planes 
at right a]]g[les; Gram-positive (e.g. Sarc. lutea). 

(6) ArascserM.---Cells mainly adherent in pairs and 8%htiyelofi^ted 
at right angles to axis of pair; Gram-motive (c.g. N. mem^iH£s), 
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(7) Generally very small cocci arranged mainly in 

clusters and pairs; Gram-negative (e.g. Vail parvula). 

The different cocci are relatively uniform in size, about 1 /t being 
the average diameter. Some species are capsulate and a very few are 
motile. It should be noted that a pure growth will usually show, in 
addition to the predominant cell grouping {e.g. clusters or long chains), 
a number of single cocci, pairs and very short chains. 

Bacilli 

The primary subdivision of the rod-shaped bacteria is^de accord- 
ing to their staining reactions by the Gram and Ziehl-NeelMn methods, 
and whether or not endospores are formed. Some of the\groups thus 
distinguished include several biological genera, and these c^n be recog- 
nised only by study of their phpiological characters in artificial cultures. 

(1) The Acid-fast BacilH . — In giving an acid-fast staining reaction 
by the Ziehl-Neelsen method, members of the genus Myc(Aacteriutn, 
including the tubercle bacillus, are distinguished from all other bacilli. 

(2) The Gram-positive Spore-forming Bacilli . — ^Apart from some 
rare saprophytic varieties, the only bacteria to form endospores are 
those of the genera Bacillus (aerobic) and Clostridium (anaerobic). 
They are primarily Gram-positive, but very liable to become Gram- 
negative in ageing cultures. The size, shape and position of the spore 
may assist recognition of the species; e.g. the tetanus bacillus is char- 
acterised by its bulging, spherical, terminal spore (“drum-stick” form). 

(3) The Gram-positive Non-sporing Bacilli . — ^These include several 
genera. Corynebacterium is distinguished by a tendency to slight 
curving and club-shaped or ovoid swelling of the bacilli, and their 
arrangement in parallel and angular clusters due to the snapping mode 
of cell division. Erysipelothrix and Lacttdmcillus are distinguished by 
a tendency to grow in chains and filaments, and Listeria by the occur- 
rence of motility and flagellation. 

(4) The Gram-negative Bacilli.— These include numerous genera 
belonging to the families Pseudonumadaceae, Achromohacteraceae, 
E^obacteriaceae, Brucellaceae and Bacteroidaceae. Pseudomonas is 
distinguished by its polar flagellation, whereas motile members of the 
other families are peritrichously flagellate. 

Vibrios and Spirilla 

Vibrios are recognised as short, non-flexuous curved rods (e.g. 
V. cholerae) and spirilla as non-flexuous spiral filaments (e.g. Sp. 
minus). They are Gram-native and mostly motile, having polar 
flagella and showing very active, “darting” motility. 

Spirochaetes 

spirochaetes are slender, flexuous spiral fiilaments, and their 
staining reaction, when demonstrable, is Gram-negative. They are 
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distinguished from the spirilla in being capable of active flexion of the 
cell body and in being motile without possession of fla gella. The 
different varieties are recognised by their size, shape, wave form and 
refractility, observed in the natural state in unstained wet films by 
dark-ground microscopy (See Fig. 6). The pathogenic species are 
classified in three genera; 

(1) Borrelia. — ^Larger and more refractile than the other pathogenic 
spirochaetes, and more readily stained by ordinary methods; coils 
large and open, with a wave-length of 2-3 jit; a leash of 8-12 fibrils, 
each about 0’02 /«. thick, is seen twisted round the whole length of the 
protoplast, by electron microscopy (e.g. Bon. recunentis). 

(2) Treponema. — ^Thinner fila- 
ments in coils of shorter wave- 
length {e.g. 1-0-1-5 jx), typically 
presenting a regular “corkscrew” 
form; feebly refractile and difficult 
to stain except by silver impreg- 
nation methods; by electron micro- 
scopy, a leash of 3-4 fibrils is seen 
wound round the protoplast within 
the cell wall (e.g. 7r. pallidum). 

(3) Leptospira. — The coils are so 
fine and close (wave-length about 0*5 /it) that they are barely discernible 
by dark-ground microscopy, though clearly seen winding round a single 
axial filament by electron microscopy. One or both extremities of die 
spirochaete are “hooked” or recurved, so that it may take the shape of 
a walking-stick, an S or a C (e.g. L. icterohaemonhagiae). 

Actinomycetes 

These mycelial bacteria, or Actinomycetales, include three main 
genera: 

(1) Actinomyces. — Gram-positive, non-acid-fast, tending to frag- 
ment into short coccal and bacillary forms, and not forming conidia; 
anaerobic (e.g. Actinomyces israelii). 

(2) Nocardia. — Similar to Actinomyces, but aerobic and mostly 
acid-rast (e.g. Noc. farcinica) 

(3) Streptomyces. — ^Vegetative mycelium not fragmenting into short 
forms; conidia formed in chains from aerial hyphae (e.g. Streptomyces 
griseus). 


SPIROCHAETES 

BORRELIA 
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Fig. 6 


BIOLOGICAL CLASSIFICATION 

Whilst observations of morphology and staining reactions are 
suflicient to distinguish the main groups of bacteria, the biok^cal 
classification of bacteria is based on a consideration of all kin^ of 
observable characters, including physiological, immun<fl<^;ical and 
ecoli^cal ones. 
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At present no standard classification is universally accepted and 
applied. The older systems based mainly on morphological characters 
are quite inadequate for detailed classification. Thus, the term BacUJm 
was used in the past as a generic name for all rod-shaped bacteria, e.g. 
Bacillus anthracis, B. tuberculosis and B. coli, but the bacillary organisms 
clearly require subdivision into many separate genera in view of their 
heterogeneity, A system of classification and nomenclature of the 
bacteria was introduced some years ago by the Society of American 
Bacteriologists following the accepted rules of biological classification, 
and has since been elaborated by American systematists. A brief outline 
of this system is given, but only those orders, families am genera which 
are of special importance in medical and veterinary bactermogy are dealt 
with. Generic characters are not detailed, but these ard indicated by 
the characters of the various type-species quoted in later chapters. 
For full details, the seventh edition of Bergey’s Manual of determinative 
Bacteriology should be consulted. 

Much of this classification and many of the names given below have 
come into general use, though older designations are sometimes still 
applied in medical literature. Thus, in the new system the generic 
term Baa7/t« applies only to those rod-shaped bacteria that are spore- 
forming and aerobic, but its older use for a diversity of rod-shaped 
orgamsms is still current. It is, of course, quite correct to use the term 
“bacillus” as the common or vernacular name for any rod-shaped 
bacterium, and the common names such as “anthrax bacillus”,“tubercle 
bacillus ^ and “colon bacillus” in place of the international scientific 
names (viz. Bacillus anthracis, Mycobacterium tuberculosis and Escherichia 
coli). In this book the new names of the American system are in general 
given priority, but the older conventional designations are indicated 
and also certain biolo^cal names used commonly by British writers. 
Abbreviations of generic names, e.g. “JB”., "Myco.”, etc., used through- 
out the text of the book are those adopted in the following summary. 


ORDERS OF BACTERIA (CLASS SCHIZOMYCETES) 

PSEUDOMONADALES. — Cells rigid, in form of straight, curved 
or spiral rods; rarely coccoid. Usually occur singly, though rarely in 
negative *^^**’^' motile, possessing polar flagella. Gram- 

spherical or straight rod- 
luJt t or in pairs, clusters, chains or filaments. 

^ rae feSv Endospores formed 

aciSst ^ Gram-positive or Gram-negative. Not 

ous^S^tSd^^^^T^”® rod-shaped or filament- 

devdoo aerial ^row as a mycelium which may 

mould4ike colonic “ sporangiospores, Mtd so-give 
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SPIROCHAETALES. — Cells fiexuous, slender and spiral-shaped. 
Motile by flexion of the cell body. Do not possess flagella. Gram- 
negative. 

MYCOPLASMATAl£S (Pleuropneumonia-like organisms). — Cells 
soft, fragile and highly pleomorphic. Reproduce by fission of filaments 
and large bodies into coccoid elementary bodies that are filterable. 
Non-motile. Gram-negative. Grow on agar media and so differ from 
the filterable viruses. 


PSEUDOMONADALES 

FAMILIES 

Pseudomonadaceae. — Cells are straight rods, occasionally coccoid. 
May form a water-soluble pigment {e.g. green or brown) or a 
water-insoluble pigment {e.g. yellow or red). 

Spirillaceae. — Cells are rigid, curved or spiral rods. 

Further families in this order include most of the photosynthetic and 
autotrophic species of bacteria. 


Genera 

Pseudomonadaceae 

Pseudomonas. — e.g. Ps. aeruginosa {Ps. pyocyanea). 

Spirillaceae 

Vibrio. — e.g. V. comma {V. cholerae). 

Spirillum. — e.g. Sp. minus. 

EUBACTERIALES 

FAMILIES 

Achromobacteraceae. — Cells rod-shaped and Gram-negative. 
Non-pigmented or forming yellow, orange or brown pigmoits. 
Grow well on ordinary peptone media. Few species can foment 
sugars to give acid; glucose is usually attacked oxidatively if at all. 

Enterobacteriaceae. — Cells rod-shaped and Gram-negative. Grow 
well on ordinary peptone media. Actively ferment glucose, and 
in man y casc lactose and other sugars, producing acid, or acid 
and visible gas (COj and H2). . . 

BruccUaceae. — Cells small, coccoid to rod-diaped, and Gram- 
negative. Obligate animal parasites. Many fail to grow on 
ordinary peptone media, requiring addition of body fluids. Many 
lack power to ferment sugars. 

Bacteroidaceae.— Cells rod-shaped or filamentous, and Gram- 
negative. Most are strict anaerobes and many require eanched 
culture media for growth. Parasites cff mammals, especially of the 
alimentary canal. 
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Micrococcaceae. — Cells spherical and Gram-positive; occur singly 
and in pairs, tetrads, cubical packets and irregular clusters. Many 
form a non-water-soluble yellow, orange or red pigment. Mostly 
non-motile. {Sarcina ureae alone forms endospores.) 
Neisseriaceae. — Cells spherical to elliptical, and Gram-negative; 
occur mainly in pairs, with long axes parallel, or in clusters. 
Non-motile. Parasites of mamnuds. 

Lactobacillaceae. — Cells are cocci or rods occurring singly, in 
pairs and in chains. Gram-positive. Mostly non-motile. Facult- 
atively or strictly anaerobic. Actively ferment sugafs with lactic 
acid as main product. t 

Coiynebacteriaceae. — Cells rod-shaped or club-shaped; Gram- 
positive. Mostly non-motile. 1 

Bacillaceae. — Cells rod-shaped and usually Gram-positive. Form 
endospores. Many are motile. 

Genera 

Achromobacteraceae 

Alcaligenes. — e.g. Ale. faecalis. 

Enterobacteriaceae 

Escherichia. — e.g. Esch. coli. 

Aerobacter. — e.g. Aero, aerogenes. Aero, cloacae. 

Klebsiella. — e.g. Kl. pneumoniae. 

Paracolobactrum. — e.g. Par. coliforme. 

Serratia. — e.g. Serr. marcescens (B. prodigiosus). 

Proteus. — e.g. Pr. vulgaris. 

Salmonella. — e.g. S. typhosa {S. typhi) and S. enteritidis. 

Shigella. — e.g. Sh. dysenteriae. 

(Note. — In this book the above classification of the Enterobacteriaceae 
has been modified so that the genera conform more closely with the 
groups proposed by the Enterobacteriaceae subcommittee of the 
International Committee on Bacterial Nomenclature and Taxonomy. 
The genera Aerobacter and Paracolobactrum are omitted and the 
following genera included: 

Citrobacter. — e.g. Cit. freundii. 

Cloaca. — e.g. Cloaca cloacae. 

Hafnia. — e.g. Hafnia alvei. 

Thus, Aerobacter aerogenes is included in the genus Klebsiella as Kl. 
aerogenes and Aerobacter cloacae in the genus Cloaca. The Paracolo- 
bactrum organisms are regarded as lactose non-fermenting variants in 
the genera Escherichia, Citrobacter, Klebsiella, Cloaca and Hafnia.) 

Brucellaceae 

Pasteurella. — e.g. P. pestis. 

Bordetella. — e.g. Bord. pertussis. 

Brucella. — e.g. Br. meUtensis. 
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Haemophilm. — e.g. H. influenzae. 

ActmAadUus.—i.g. ActMacillus Ugmeresi. 

Moraxella. — e.g. Morax. lacunata. 

Bacteroidaceae 

Bacteroides. — e.g. Bacteroides fragilis. 

Fusobacterium.—e.g. F. fusifome. 

Sphaerophorus (or Necrobacterium). — e.g. Sph. necrophorus. 
Streptobacillus.—e.g. Streptobacillus momlifomds. 

Micrococcaceae 

Micrococcus. — e.g. Micro, ureae. 

Staphylococcus. — e.g. Staph, aureus. 

Gaffhya. — e.g. Gaff, tetragena. 

Sarcina — e.g. Sarc. lutea. 

Neisseriaceae 

Neisseria. — e.g. N. meningitidis, N. gonorrhoeae. 

Veillonella . — e.g. Veill. parvukt. 

LactiAacillaceae 

Diplococcus. — e.g. D. pneumoniae. 

Streptococcus . — e.g. Strept. pyogenes. 

Peptostreptococcus. — e.g. Ptptostrept. putridus. 
Lactobacillus . — e.g. Lacto. acidophilus. 

Corynebacteriaceae 

Corynebacterium . — e.g. C. diphtheriae. 

Listeria. — e.g. List, monocytogenes. 

Erysipehthrix. — e.g. Ery. insidiosa. 

Bacillaceae 

Bacillus. — e.g. B, antkracis. 

Clostridium. — e.g. Cl. tetaid. 


ACriNOMTCETALES 

FAMILIES 

Mycobacteriaceae.— Cells rod-shaped, but rarely filamentous or 
branching. Do not form conidia or other kinds of spores. 

Actinomycetaceae.— Cells filamentous and branching. Grow as a 
mycelium which may fragment into short rod or coccoid forms, 
and reproduce by budding or by spores formed through fragmenta- 
tion of the mycelium and in some cases from aerial hyphae. 

Streptomycetaceae.— Cells filamentous and branching. Grow as 
a mycelium which does not fragment. Conidia are borne on 
sporophores, in many cases aerial. 
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Genera 

Mycobacteriaceae 

Mycobacterium. — e.g. Myco. tuberculosis. 

Actinomycetaceae 

Actinomyces. — e.g. Actinomyces israelii. 

Nocardia. — e.g. Noc. madurae. 

Streptomycetaceae 

Streptomyces.—e.g. Streptomyces griseus. 

SPmOCHAETALES 

Genera of the Family Treponemataceae (th^ Small 
Spirochaetes) 

Borrelia. — Borr. recurrentis. 

Treponema. — e.g. Tr. pallidum. 

Leptospira. — e.g. L. icterohaemorrhagiae. 

MYCOPLASMATALES 

Genera 

Mycoplasma. — e.g. M. mycoides. 

CLASS MICROTATOBIOTES 

This class contains the smallest of living organisms, all obligate 
parasites and capable of growth only in the living tissues of an appro- 
priate host, usually intracellularly. It includes two orders: 

RICKETTSIALES. — Individual organisms are over 0-2 in dia- 
meter, resolvable by the light microscope and not filterable through 
bacteria-stopping filters, except for a few species with filterable phases. 
Gram-negative. Only a few species can grow on cell-free nutrient 
media. 

VIRALES. — Individual organisms are mostly less than 0*2 jti tt 
diameter, ultramicroscopic and filterable. All are obligate intracellulai 
parasites, and none grows on inanimate or cell-free nutrient media. 

There is not generally accepted classification of the viruses inR 
genera and species (but see p. 83 et seq). 

RICKETTSIALES 

Genera 

RiclMtsia, — e.g. R. prowazekH. 

Cornelia. — e.g. Cox. burnetii. 

EhrUckia. — e.g. Ehrl. ovina. 
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Cowdria.—c.g. Cotodria ruminantium. 

Chlamydia. — e.g. Chi. trachomatis (the trachoma virus). 

Miyagawanella. — e.g. Miy, psittaci (the psittacosis “virus”). 

Bartonella. — e.g. Bart, badlliformis. 

Haemobartonella. — e.g. Haemobartonella muris. 

Anaplasma. — e.g. An^ marginale. 

SYSTEM OF IDENTIFICATION OF BACTERIA 

1. The Motphology and Staining Reactions of Individual 
Organisms generally serve as a preliminary criterion, particularly for 
placing an unknown species in its appropriate biological group. A 
Gram-stained smear is first examined and this suffices to show the 
Gram reaction, size, shape and grouping of the bacteria, whether they 
possess endospores, and the shape, size and intracellular position of 
such spores. An unstained wet film is examined with the dark-ground 
microscope for observation of the exact morphology of delicate 
spirochaetes, and an unstained wet film, or “hanging drop” preparation 
is examined with the ordinary microscope for observation of motility. 
When it is possible that the organism is a mycobacterium or a 
nocardia, a preparation is stained by the Ziehl-Neelsen method to 
demonstrate the acid-fast staining reaction. 

In medical bacteriology the microscopic characters of certain 
organisms in pathological specimens may be sufficient for diagnostic 
identification, e.g. tubercle bacilli in sputum, or Treponema palUdum 
in exudate from a chancre. Morphology among the bacteria usually 
fails, however, to differentiate allied organisms, e.g. the meningococcus, 
gonococcus and Neisseria catarrhalis, and further tests must be applied, 
as below. 

2. Cultural Characters, including the growth requirements and 
the appearance of cultures to the naked eye, are further criteria assisting 
identification, but may also be insufficient to differentiate species; 
e.g. different species of Salmonella produce indistinguishable colonies. 
A culture is a growth of bacteria prepared in the laboratory on an 
artificial nutrient medium, or culture medium. Attempts are made to 
grow (to “cultivate” or “culture”) the bacterium on media of different 
compositions, e.g. a glucose-ammonia-inorganic salts mixture, or meat 
infusion or meat infusion plus blood, incubated under a variety of 
conditions, e.g. at different temperatures, at different pH valued in the 
presence of atmospheric oxygen (i.e. aerobically) or in its absence (t.e. 
anaerobically). The range of the conditions suppor^ ^wth is 
characteristic of particular oi^anisms. The ability or inability of the 
organism to grow on me<hum containing a selective inhibitor {e.g. bile 
salt, optochin, bacitracin, low pH, high pH, teUurite) may also be of 
diagnostic significance. 

The appMURnces of growths in liquid culture media, e.g. nuttu^ 
broth, are generally not distinctive, usually there is a uniform turiM^ 
in the li<^d and a little deposit at the bottom. Much mote hffue 
attaches to observations of the appearance of the discrete massM 
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growth, or colonies^ that can be grown from isolated bacteria on 
the surface of solid culture medium such as nutrient agar. Attention 
is paid to the size of the colonies (diameter in 
mm.), their outline (whether circular and entire, or 
indented, or wavy, or rhizoid), their elevation (low 
convex, high convex, flat, plateau-like, umbonate, or 
nodular), their translucency (clear and transparent, 
or translucent, or opaque), whether they are colour- 
less, white or otherwise pigmented, and whether 
they produce any change in the medium {e.g. hae- 
molysis in a blood-containing agar medium). 

1 Biochemical Reactions, e.g. the ferment- 
ation of various carbohydrates. Species that can 
not be distinguished by morphology and cultural 
characters may exhibit distinct differences in theii 
biochemical reactions, e.g. typhoid and paratyphoic 
bacilli. Different species or types may, however 
resemble one another in fermentative properties 
e.g, certain serotypes of the Salmonella group. 

The most commonly used biochemical tests in- 
volve the observation of whether or not a growth o 
the bacterium in liquid nutrient medium will fermen 
particular “sugars” (e.^. glucose, lactose, mannitol) with the productiono 
acid, detected by change of colour of an indicator dye present in the med 
ium, or of acid plus gas; gas production is detected by the collection of i 
bubble in a small inverted tube (Durham tube) immersed in the medium 
Other tests involve observation of the ability of a bacterium to produc 
particular end-products, e.g, indole, HgS, and nitrite, when grown in suit 
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able culture media, and of whether it possesses certain enz 3 rnuc activities, 
e.g. oxidase, catalase, urease, gelatinase, collagenase, lecithinase, or lipase. 

4. Antigenic Characters. — In bacteriology, species and types can 
often be identified by specific “antibody reactions” observed in sero- 
logical tests. These reactions depend on the fact that the serum of an 
animal immunised against a microorganism contains specific antibodies 
(for the homologous species or type) which react in a characteristic 
manner with the particular microorganism. Such antisera, for example, 
may agglutinate or clump the homologous organism in test-tube experi- 
ment, and this effect can be observed with the naked eye. An unknown 
bacterium may thus be identified by demonstrating its reaction with 
one out of a number of standard known antisera. 

It should be noted here that the serum of a person suffering from 
a bacterial infection may also exhibit specific antibody reactions. The 
nature of the infection may thus be diagnosed by demonstrating that 
the patient’s serum agglutinates one out of a number of known labora- 
tory cultures, e.g. the Widal reaction in enteric fever (see Chapter 18). 

5. Typing of Bacteria: Bacteriophage Sensitivity. — A single 
bacterial species with a particular set of pathogenic activities may 
nevertheless include strains belonging to a variety of different types 
that are distinguishable in minor characters. Recognition of the t)^e 
of a strain isolated from a patient may be of value in epidemiological 
studies relating to the source and spread of the infection in the com- 
munity. In some pathogenic species, the “typing” of strains may be 
done by special biochemical or serological tests. Another important 
method of typing is by testing the susceptibility of the culture to lysis 
by each of a set of type-specific, lytic bacteriophages. 

6. Animal Pathogenicity. — In the case of pathogenic organisms, 
e.g. the tubercle bacillus, that are virulent to, and produce characteristic 
lesions in laboratory animals, the inoculation test provides a reliable 
method of identification. 

In many cases animal pathogenicity tests are controlled by the use 
of specific neutralising antisera and the pathogenic organisms are 
thereby identified with a high degree of specificity. Thus, the final 
identification of a diphtheria bacillus may be made by injecting culture 
material intradermally into two guinea-pigs, one of which has been 
protected by prior injection of specific antiserum to diphtheria toxin 
(a soluble poisonous protein secreted by the bacilli). The development 
of an inflammatory and necrotic skin reaction in the unprotected, but 
not in the protected animal identifies the culture as an organism pro- 
ducing diphtheria toxin. The tetanus bacillus is identified simiWly 
by a test in mice that proves its production of the specific tetanus toxin. 
Strains of Clostridium toelchii may be “typed” by demonstration of the 
set of specific toxins they produce; in this case the culture fluid is 
mixed with specific antiserum before injection. 

7. Antibiotic sensitivity. — ^The organism is tested for its ability 
to grow on artificial nutrient media containing different antibiotic and 
chemotherapeutic agents in different concentrations. In the disk diffii- 
don test, the culture to be examined is inoculated confluently' over the 
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surface of an agar plate and 6-10 paper disks or tablets containing 
different antibiotics are placed on different areas of the plate. Anti- 
biotic diffuses outwards from each disk into the surrounding agar and 
produces a diminishing gradient of concentration. On incubation the 
bacteria grow on areas of the plate except those around the drugs to 
which they are sensitive, and the width of each growth-free “zone of 
inhibition” is a measure of their degree of sensitivity to the drug. 

In a few cases, reactions are sufficiently uniform among the strains 
of a species, and distinctive from those of related species, to be valuable 
in the identification of the species {e.g. bacitracin sensitivity Strepto- 
coccus pyogenes, and optochin sensitivity in the pneumococcus). Com- 
monly, however, there are marked differences in antibiotic Sensitivity 
between different strains of a species. Information about the Knsitivity 
patterns of strains (“antibiograms”) isolated from patients is required as 
a ^ide to the choice of drug for therapy and may also be used as an 
epidemiological marker in tracing hospital cross-infections 


IDENTinCATION IN MATERIAL CONTAINING A MIXTURE 
OF BACTERIA: ISOLATION IN PURE CULTURE 

Most of the identifying tests in the categories described above are 
valid only if made with a pure preparation or pure culture of a single 
kind of bacterium {i.e. a population of cells consisting exclusively of the 
progeny of a single ancestral cell). Specimens of material collected 
for diagnostic purposes from the bodies of patients include many {e.g. of 
faeces, sputum and throat secretion) that contain a wide variety of 
resident commensal bacteria as well as any pathogenic or potentially 
pathogenic species. Specimens of other materials, e.g. blood, pus, 
cerebrospinal fluid and urine, that are free from a resident commensal 
flora, are likely to be infected with only a single pathogenic species; 
but these specimens are liable sometimes to contain other bacteria as 
a result of secondary infection from the body surfaces or contamination 
in the course of collection. 

Useful information may be obtained from certain examinations 
made on mixed infective material. Thus, microscopical examination 
reveals the morphology and staining reactions of the different organisms 
and alw allows an assessment to be made of the relative numbers of 
each kind present (such an assessment is more reliable than one made 
^ culture of the material because the conditions 
of culture may selectively favour the growth of some species and inhibit 
that of omera). When material containing a mixture of bacteria is 
cultured by plating”, i.e. by inoculating it very thinly on the surfoce 
(Petn dish) of solid culture medium such as nutrient agar, 
the different bacteria are seen to grow as separate colonies, each of which 
18 usually a pure culture descended from a single inoculated cell. Useful 
i^ormtion relating to the identity of the different bacteria and their 
restive numbers in the specimen may be obtained by noting the 
appearances of the colonies. When a selective culture miium is used 
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the occurrence of growth is suggestive of the identity of the bacteria 
growing, but it must be remembered that other kindA of bacteria in- 
capable of growth on this medium may also be present in the specimen. 
Anaerobic bacteria will not grow or be recognised in cultures incubated 
aerobically, in the ordinary way. 

Most other identifying tests can be performed only after the un- 
known bacterium has been isolated in pure culture. Isolation is 
generally done by Koch’s procedure, following the preparation of plate 
cultures bearing well separated colonies (see Chapter 48). A single 
colony, suspected from its appearance of being that of a significant 
or pathogenic organism, is “picked” with an inoculating wire-loop and 
subcultured by itself in a tube or plate of fresh, sterile culture medium. 
(It is a useful practice in certain circumstances to examine micro- 
scopically a stained smear of the residue of the colony that has been 
“picked”.) If there is any doubt about the purity of a supposedly pure 
culture, it should be plated out again on fresh medium, die colonies in 
the subculture should be examined to confirm their uniform appearance 
and one of these colonies should be picked and subcultured to give, 
through a second purification, a final ‘pure culture’. 

The morphological and cultural characters of the organism should, 
where necessary, be confirmed in examinations of the pure culture and 
the pure culture is then used in tests for examination of its biochemical 
reactions, antigenic characters, bacteriophage type, pathogenicity for 
laboratory animals, and antibiotic sensitivity reactions. 

In some types of investigative work it is desirable to store pure 
cultures of strains for later reference. This is best done by the 
freeze-drying procedure; the organisms are held dried and in 
vacuo in a sealed ampoule and remain alive, though not metabolising 
or growing, for very long periods. Otherwise, the organism should be 
subcultured on a suitable maintenance medium and stored under condi- 
tions, e.g. in the dark at room temperature or in a refrigerator at 4° C.» 
conducive to their maximal survival. 

In addition to preliminary microscopical and cultural examinations, 
there are some special identifying tests that may be made directly on 
pathological specimens containing mixtures of bacteria. Use of the 
duorescent antibody staining method makes it possible on micro- 
scopical examination to recognise and identify individual bacteria 
according to their antigenic character, thus with a high specificity com- 
parable to that of conventional serological tests. Material amtaining 
conunensal bacteria as well as a suspected pathogen, may be injected 
into a laboratory animal where only the padiogen may be capable of 
producing a fatal infection. Antibiotic sensitivity tests by the disk 
di^sion method are sometimes usefully performed on the primary 
diagnostic culture plate that grows the whole mixture of organisms 
present in the specimen; if this primary sensitivity test is made, results 
are sooner avriUble for reporting to clinicians. 
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CHAPTER 5 


VIRUSES 

GENERAL CONSIDERATIONS 

Among the common contagious illnesses of man and animals there are 
many for which no bacterial cause has been found. These diseases have 
been known clinically throughout the centuries; smallpox has been 
recognised as a deadly infection since pre-Christian times and Hippo- 
crates was perfectly familiar with the swollen neck in mumpA. At the 
beginning of the present century it was realised that an agem present 
in the tissues or blood of such cases could transmit the infection in the 
absence of bacteria. Pasteur in 1884, when he failed to detect^acteria 
in infective material from rabid dogs, said that he was tempted to 
believe that thecause of the disease was “a micro-organism infinitesimally 
small”. 

In 1892 Pasteur’s theory was confirmed, though in a different 
disease, by Iwanowsky, who showed that the mosaic disease of tobacco 
plants was caused by a minute agent which was so small that it was 
ultramicroscopic and would pass through the pores of a filter that would 
not permit the passage of any known bacterium. In 1898 the vesicle 
fluid from cases of foot and mouth disease in cattle was shown by 
Loeffler and Frosch to contain an infectious agent that was similarly 
filterable. In 1901 it was proved that yellow fever in man was caused 
by a filterable virus carried by mosquitoes. From these discoveries it 
soon became apparent that there were a number of virus agents which 
could pass through bacteria-stopping filters and still retain ffieir powers 
to cause disease in animals and human volunteers. Viruses were there- 
fore originally recognised as ultramicroscopic and filter passing. 

During the years that followed, many similar minute filter-passing 
organisms were found to be widely distributed throughout the animal 
and plant kingdoms, causing mild as well as severe diseases and 
often being carried latently in their hosts without giving rise to any 
obvious signs of harm. In man it was shown that viruses cause not 
only such serious illnesses as smallpox, poliomyelitis, encephalitis, 
infectious hepatitis and pneumonia but that they are also responsible 
for many familiar minor infections including the common cold, in- 
fluenza, mumps, measles and chickenpox, and a whole host of other 
conditions. Amongst the many important virus diseases of animals 
Me foot and mouth disease and rinderpest in cattle, distemper and rabies 
in dogs, and fowl pest in poultry. 

Not only do viruses clearly cause many infectious illnesses, but it 
Im been realised gradually that they also play a part, perhaps with the 
.aid of other fetors, in the production of certain tj^es of tumours. 
Rous in 1911 discovered that certain sarcomata in fowls could be trans- 
mitted with cell free filtrates of the tumours and since time an 
impressive list of tumours has been compiled in wUch druses tin* 
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doubtedly play a causative role. These viruses are known as oncogenic 
viruses and they include the agents that cause warts in man, fibromas, 
papillomas and related tumours in rabbits and domestic and wild 
animals, mammary carcinomata, leukaemias, and parotid tumours 
(polyoma virus) in mice, and leucosis in poultry (Andrewes, 1964a). 

Many insects suffer from virus diseases, e.g. epizootics of jaundice 
in silk worms and sac brood in bees have been the cause of much 
economic loss. Insects are however perhaps more notorious as the 
vectors of viruses that attack man, animals and plants. Some viruses 
can multiply within their bodies wi^outharmingthemandoftenthevirus 
is carried tluough the whole of the life cycle of the insect. Thus lice, 
ticks, flies andmosquitoes transmit viruses within human and animal com- 
mimities and can carry infection from plant to plant. Again, nematode 
worms that are parasitic in pigs spread the swine influenza virus, and 
other nematodes that infest plants play an important part in the trans- 
mission of infection to vines and cereals. (At least one virus that 
affects the roots of tomato plants, also attacks and kills the larvae of its 
vector the Southern Root Knot Nematode.) 

When plants are affected by viruses, one of the characteristic effects 
is a mottling or “mosaic” of the leaves that may be followed by wither- 
ing and death of the plant. There are more than three hundred viruses 
recognised as pathogenic for plants and many, for example the tobacco 
mosaic virus, die tomato bushy stunt virus and the virus of “X” disease 
of potatoes, are of great economic importance. One plant virus, the 
tulip mosaic virus, however, is virtusJly harmless and is responsible 
for the beautiful coloured mottlings and pencillings on the petals of 
tulip flowers. It has been known for many years and the Dutch and 
Turkish artists of the sixteenth and seventeenth centuries took great 
pleasure in depicting these variegated tulips. 

That bacteria too are subject to infection by viruses was realised 
when Twort in 1915 and d’Herelle in 1917 independendy observed the 
phenomenon of the transmissible lysis of bacteria. This was demon- 
strated in the following way: a few drops of liquid faeces from a case of 
bacterial dysentery were added to a tube of broth which was incubated 
overnight; flltradon of this culture through a porcelain candle yielded 
a bacteria-free filtrate which, when added in very small quantities to 
a young culture of Shigella shigae, produced clearing and lysis of the 
bacteria after incubation for severd hoius. d’Herelle was able to show 
that this lysed culture possessed a similar l 3 rtic property towards a fresh 
culture and he was able to carry the effect throu^ more dum fifty 
successive transfers; he thought the effect was caui^ by “an invisible 
microbe that is antagonistic to the d 3 r 8 entery bacillus” and suggested 
that this was a minute parasite of bacteria propagating and multiplying 
at the expense of the bacterial cells. He called die mictobe “bacterio- 
phage”, a name now frequendy abbreviated to ^age, and hn view 
that it was a virus has been confirmed beyond all doubt. Bactedophi^ 
can also be recognised by their i^ili^ to produce a clearing of an area 
when ^t|^,pn to a dbiillimt grtr^ of die host bacterium cm an 
agar |3£t(^ "1^ clear areals known as a it is dftoti pn>i£ic^ 
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by a single phage particle and is therefore analogous to a bacterial 
colony. Bacteriophages have the great advantage that they can be ea^y 
propagated and counted and moreover their hosts, the bacterial Dells, 
lend themselves readily to study at biocheriMl and genetic levels. It 
is for these reasons that our knowledge of the mechanisms of phage 
infection and reproduction is far more advahce<f than our know^ge 
of the corresponding mechanisms in animal Aoruses. There is therefore 
a tendency to regard phages as model viruses and to adapt the methods 
used successfully in their study to the' more complex relationships 
between the animal virus, and its host cell (Hayes, 1963). ] - ■ 

The new biological science of Virology comprises the smdy of both 
the infecting microorganism and its host. The four main divisions 
of the subject comprise (1) the viruses of man and animto, (2) the 
bacteriophages, (3) the viruses of insects and worms, ^d (4) the 
viruses of plants. In these pages where attention is focu^d on the 
medical and veterinary infections we shall deal only with the first two 
of these divisions of virology. 


Approximate Sizes of Viruses and Reference Objects 


Diameter or 


•Staphylococcus . . . . 

•Rickettsia prowazeki 
♦Psittacosis — ^lymphogranuloma group 
Pox viruses . , . . 


width X length in m/i 

1000 

475 

330-490 

300-250 


Mumps and Newcastle viruses 
•Pleuropneumonia organisms 
Rabies virus . 

Measles virus 
Herpes simplex viruses . 
Influenza groups of viruses 
Adenovirus groups 
T2 bacteriophage of E, coli 
Rous sarcoma virus 
Lymphocytic choriomeningitis 
Tobacco mosaic virus 
Rabbit papilloma virus 
Arthropod borne viruses 
Poliovirus and enteroviruses 
Foot and mouth disease virus 
•Haemoglobin molecule . 
•Albumin molecule . . ] 

Microorganisms above the line 


virus 


80-340 

150 

150 

140 

120 

100 

100 

95x65 

65 

SO 

300x15 

45 

40 

28 

10 

15x3 

10x2*5 


are visible with the optical microscope. 


• For reference. 


FUNDAMENTAL CHARACTERS OF VIRUSES 

in size and COT^auendv bacteria in that: they are small 

bacteria; they can^^grow^nnr r through filters that rrtain 
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ductive processes that are quite different from the simple binary fission 
of bacteria. A vims particle contains only one kind of nucleic acid and 
is covered by a protein coat. 

Small Size and Filterability 

The unit used for the measurement of vims size is the millimi cron 
(m/x), i.e. a one-thousandth part of a micron (/x) or 0-000001 mm. The 
Angstrdm unit (A), which is one-tenth of millimicron (0-0000001 mm.), 
is often used as a measure for very small stmctures such as vims 
capsomeres, and macromolecules. In the preceding list the sizes 
of various representative vimses are given together with those of 
reference objects. 

Individual vims particles are known as virions (the old term, which 
is still used, was elementary bodies). They may vary in diameter from 
300 to 10 m/x; the largest are about half the size of the smallest bac- 
terium and the smallest are about the size of large protein molecules. 
Virions over 200 m/x in diameter are within the resolving power of the 
light microscope and can be demonstrated in stained films or sections 
taken from the lesions of vims diseases such as smallpox. 

Measurement . — ^The most frequently used method for es t i m ating 
vims size is by direct observation under the electron microscope. 
Vimses that are far beyond the limits of the resolution of the light 
microscope can be seen and photographed in this iitstmment, which is 
capable of resolving objects as small as 3A (0-3 m/tx) in diameter (see 
Chapter44). Theusualmethodof making the measurements is to include 
in a suspension of purified vims some latex particles of known size 
(e.g. 250 m/x); in electron micrographs the known and the unknown 
particles can be measured with accuracy and the size of the vims is 
determined with precision. One advantage of electron-microscopical 
examination of viruses is that the shape as well as the size can be 
determined. In this way it has been found that the vaccinia virus 
particles are brick-shaped, that influenza vimses have a filamentous as 
well as a spherical form, and that most bacteriophages have a sperm-like 
morphology, with a polyhedral hrad and a tail. The Crystalline nature 
of plant viruses and the crystal-like lattice arrangement of the com- 
ponent subunits of some human vimses such as those of the ad«iovims 
group are clearly seen in electron micrographs. In ultra-thin sections 
of infected cells it is possible under the electron microscope to foUow 
the morpholc^cal changes in situ in the host cell as the virus multiplies. 

Originally vimses were measured by their capacity to pass through 
filters. Many Qrpes of filter have been used for this purpose, but 
best are made from collodion and these have replaced the older 
diatomaceous earth filters of Berkefeldt and the Chamberland porcelain 
candles. Filtration methods, however, have no high degree of precision 
in vims measurement and have for die most part been replaced by 
newer techniques. Nevertheless, filtration does have a special use 
in measur ing a very small virus when it is contained in a materiid 
contaminated widi so much host cell protein that other m^hods cahnot 
be used. 
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A third method by which virus size can be determined is by estim- 
ating the rate at which the particles fall in a suspending fluid; large 
particles being heavier fall faster than small ones. This relationship 
between particle size and rate of sedimentation follows Stokes’ law and 
holds good even when forces many times greater than that of gravity 
are applied to a virus preparation in a fast-moving centrifuge. From 
values for the density and viscosity of the medium, the distance from 
the axis of rotation and the speed in r.p.m., the diameter of the virus 
particle can be calculated (Chapter 51). 

The Structure of Viruses I 

Intrinsically a virus particle is composed of an inner com of either 
DNA or RNA (but not both) surrounded by a shell of protein which is 
referred to as a capsid. All the plant viruses contain RNA ai^ the vast 
majority of bacteriophages so far described contain DNA, b!pt in the 
case of the animal viruses about one-half contain RNA and have been 
called riboviruses while the other half contain DNA and have been named 
deoxyviruses (Cooper, 1961). The influenza, enteric and arthropod- 
borne groups are riboviruses and the pox, herpes, and adenoviruses are 
deoxyviruses. 

The protein shell appears to act as a protective covering for the 
underljring nucleic acid. When it is removed, as for example by cold 
phenol extraction, the exposed nucleic acid remains infective for a 
time and can by itself initiate virus growth if it is introduced into a 
susceptible host cell. Although naked viral nucleic acid is only stable 
for short periods of time and is considerably less infective than the 
complete virion, it contains the genetic material that is responsible for 
the transmission of heritable characters and the production of new 
virus. The proportion of nucleic acid to protein in the virus particle 
varies greatly with different viruses; the DNA content of the T2 phage 
is about 40 per cent, of its dried weight and that of the vaccinia virus 
about 6 per cent. The RNA content of the polioviruses is 20-30 
per cent, and that of the influenza virus only about 1 per cent. 

The chemical composition of the larger animal viruses is rather more 
complex. The influenza viruses, for example, in addition to their 
proteins and RNA contain 4-6 per cent, polysaccharide with galactose, 
mumose rad fucose as monomer components, 11 per cent, phospho- 
lipids, which include cephalin, sphingomyelin rad lecithin, and 6 per 
cent, cholesterol. It is probable at the end of the growth cycle that the 
components of these viruses are assembled at the periphery of the host 
cell from whose wall the virion obtains the lipid constituents for its 
ovra covering membrane. These lipid-containing surface structures 
often make the virions readily disintegrated by organic solvents such 
as ether rad for this reason they have been referred to as “lipo-viruses” 
(Cooper, 1961). Ether-sensitive viruses indude the influenza, herpes 
and arthropod borne groups whilst the enteric, adeno, papilknna and 
pdyoma viruses, which have no peripheral lipid comi^ents, «» 
eoier-resistrat. Aa might be expected, the ether sensitivity of viruses 
seems to go hand in hand with sensitivity to bile salts and other surface 
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active agents. Th^e two properties are so sharply defined that they 
are valuable in the differentiation and classification of the various 
animal virus groups. 

The pox group of viruses are even more complex and one member, 
the vaccinia virus, contains 6 per cent, lipids in addition to its protein 
and DNA, as well as certain enzymes such as phosphatase, catalase and 
lipase which are present as part of the virion together with coenzymes 
such as biotin, riboflavine and adenine-flavine diniudeotide. Vaccinia 
virus particles have, however, no normal metabolic activity when freed 
from their host cells. A number of pox viruses including the vaccinia 
virus are very resistant to ether whilst some are sensitive and others 
react in an intermediate way; the different behaviour of members of 
the group may depend on whether the lipid constituents are situated 
on the surface or lie deep in the virion protected by a resistant outer 
membrane. 

The protein shell (capsid) of the virus particle (virion) is built of a 
number of subunits or capsomeres which are, according to the virus 
species, spherical, wedge-shaped, or in the form of hollow prisms 
(Fig. 9). The nucleic acid of the core is in the form of one or more 
helical strands. The disposition of capsomeres in the shell confers a 
variety of patterns so that a virus may have cubic, helical, or a combined 
and complex symmetry (Wildy & Horne, 1963). In the case of some 
of the larger viruses this assembly is surrounded by one or more mem- 
branes though no such covering is found in the smallest viruses. 

Viruses with cubic symmetry have a hexagonal outline due to the 
fact that their capsomeres are arranged in a geometrical configuration 
that is a regular solid with 20 equilateral triangular faces, i.e. an icoso- 
hedron. This figure is described as having 5.3.2 rotational symmetry 
and imposes a definite number of capsomeres on each side of its tri- 
angular faces (Caspar & Klug, 1962). The total number of capsomeres 
of a virion may be calculated from the formula 10(«- 1)*+2 where n 
is the number of capsomeres between and inclu^g those on any 
five-fold rotational axis. From this it has been found that the number 
of capsomeres of various groups of viruses falls into the series 12, 32, 
42, 92, 162 or 252. Viruses known to have icosahedral symmetry have 
the following number of capsomeres; ^xl74 bacteriophage 12, polio- 
virus 32, warts and polyoma viruses 42, REO virus 92, herpes group 
of viruses 162, the group of adenoviruses 252. 

Of the viruses having a helical symmetry, that of tobacco mosaic 
disease has been most fully investigated. TWs virus is in the form of 
a hollow rigid rod 300 x 17 m/x and is composed of a helical core of 
RNA to which about 2000 wedge-sluq>ed capsomeres are attached so 
that there are 16J on each turn of the spiral. Helical synunetry is also 
found in some of Ae animal viruses, notably in the influenza and 
measles groups. In these the capsid is composed of one or more 
helical ftrands of RNA covered by many capsomeres. The Ion® thread 
of the capsid is hollow, but unlike that of the tobacco mosaic virus is 
flexiUe and it is wound upon itself to give a spherical mass whl^ 
I has a whorled appearance under the dectron mictosoope. This 
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capsid is enclosed by a membrane through which protrude a large 
number of regularly arranged projections in which reside the enzyme 
that confers the characteristic haemagglutination property of these 
viruses. 



DIAGRAM OF THE STRUCTURE OF 
A VIRUS PARTICLE 

Fig. 9 

Modified from a diagram by R. W. Home (1963). 

Scientific American, 208.50 

A yet more complex symmetry is that of some of the larger viruses, 
notably those of the pox group. The particle of the vaccinia virus is 
surrounded by one or more membranes that envelop a peripheral 
protein layer within which is situated a dumbcU-like structure into the 
hollows of which fit dense central bodies. Negatively stained particles 
are seen to contain hollow tubular structures 7-9 m^t in diameter but 
it is in doubt whether they are truly multiple or merely parts of a single 
thread. In the case of Ae contagious pustular dermatitis (orf) virus 
the thread seems to be arranged in a figure-of-eight pattern and may 
be continuous, but in some pox viruses the s^pearance is that of 
multiple angular strands. It cannot yet be said whether these strands 
are capsids or capsomeres. 

The structure of bacteriophages, notably the so-called “T-even” 
phages of E. coli is more complex and sophisticated than that of any 
virus so far considered (Home & Wildy, 1962; Champe, 1963). "nie 
b^ic design is sperm shaped with a polyhednd hdid and a cylindric®! 
tail. Although phages from different sources may vary morphologicallyi 
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Fig. 10 

Modified from a diagram by R, W. Home (1963)* 
Scientific American^ 208.49 


62 MEDICAL MICROBIOLOGY 

particularly in the length and thickness of the tail, by far the majority 
(with the exception of the ^xl74 of E. coK and Shigelh) have these two 

basic components. , . . t r 

The head of the T2 phage of E. colt, for example, is m the form of 
a bipyramidal hexagonal prism 100 x 65 m/i- and consists of an outer 
sheU of about 1000 subunits of a protein with a mol^lar weight of 
80,000 and an inner central mass of DNA. The tail is about 100 m^t 



To show the morphology of a T-even phage particle, A before, and 
B after, attachment and contraction of the sheath of the tail, (Modified 
from a diagram by Champe 1963.) 


long and 25 m(i wide and is composed of a contractile sheath surround- 
ing a central hollow core. The sheath is constructed from some 
140-200 subunits of a second protein with a molecular weight of 
54,000; the subunits are arranged helically around the cylindrical 
protein core which is about 7 m/i thick with a central canal 2-5 m/t in 
diameter. At the distal extremity of the tail is a hexagonal plate to 
which six fibres are attached. These tail fibres are 130 m^ long and 
2 m/i wide and are composed of subunits of a protein that has a mol- 
ecular weight of not less than 100,000. In the intact phage the tail fibres 
are folded around the tip of the tail, but when the initial contact with 
the bacterium is made they are freed to combine with specific receptor 
areas on the bacterial surface (see Figs. 11a and 13). This stage is fol- 
lowed by the contraction of the sheath of the tail to less than half of its 
ori^al length and the extrusion of the central core through the bac- 
terial wall to enable the transference of the DNA to the host cell (see 
Figs. 11b and 13). 
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Reaction to Physical and Chemical Agents 

Outside the body, and at room temperature, many viruses are 
extremely labile and may survive for only a few hours. Such is the case 
with the viruses of influenza, mumps and measles, and in these diseases 
great care must be taken to ensure that the specimens under kivestiga- 
tion are frozen with a minimum delay. Other viruses, such as the 
smallpox and poliomyelitis viruses, are much hardier and may survive 
under ordinary atmospheric conditions for many days, weeks or even 
months. 

Heat.— The viruses causing disease in man and animals are in 
general readily inactivated by moderate heat (56®-60‘' C. for 30 
min.) though there are some notable exceptions — homologous serum 
jaundice and poliomyelitis viruses. Like bacteria, viruses are resistant 
to extremes of cold, and, in fact, freezing at -35® C. or -70® C. is a 
satisfactory method for their preservation and is much used in the 
laboratory. The majority of viruses are also well preserved by drying 
from the frozen state, using the method of freeze-drying. By this 
means, virus vaccines are preserved in an active form for long periods 
before use to immunise against such diseases as smallpox and yellow 
fever. 

pH Variation. — ^Viruses remain viable as a rule within the range of 
pH 5 to 9, but are destroyed by extreme acidity or alkalinity. Certain 
of their properties, however, like haemagglutination (vide infra) may be 
profoundly disturbed by variations of a few tenths of a pH unit. 

Glycerol. — In a 50 per cent, solution of glycerol, ordinary non- 
sporing bacteria are killed comparatively quickly, but many viruses 
remain alive in this fluid for several months or even years. The pre- 
servation of the vaccinia virus used prophylactically against smallpox 
is accomplished by means of glycerol. Other viruses that can be kept 
for long periods in glycerol at 4® C., or lower temperatures, are those of 
poliomyelitis, rabies and herpes simplex. On the other hand, some 
viruses, e.g. the rinderpest virus and the psittacosis group of agents 
survive for less time in glycerol than certain bacteria. 

Bactericidal Agents.— The most efficient disinfectants for use 
against viruses are oxidising agents such as hydrogen peroxide, pot- 
assium permanganate and hypochlorites, and organic iodine derivatives. 
Formaldehyde may also be used but is slower in its action. Phenol 
and certain cresol disinfectants such as lysol are active against only a 
few viruses and are not to be recommended for material contaminated 
by the poliomyelitis or smallpox virusesv^ 

Antibiotics and Chemotherapeutic Substances such as sulphona- 
mides, penicillin, streptomycin and the tetracyclines have no effect on 
true viruses. The fact that the agents of the psittacosis-lympho- 
granuloma group are susceptible to these drugs has been an impoitanit 
consideration in their being classified as rickettsiae instead of as virus^* 
Originally, viruses were “purified*^ ue separated from bacteria in 
Contaminated fluids such as sputum or faeces, by filtration thfou^ i 
bacteria-stopping filter, but now it has been found easier to use 
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biotics; these (e.g. penicillin and streptomycin) are added to the 
material to kill the bacteria and they leave the viruses unharmed. 

There are, however, a number of substances that are able to 
inhibit virus reproduction. A recent trial has shown that N-methylisatin 
j8-thiosemicarbazone has a valuable prophylactic effect in protecting 
house contacts of cases of smallpox. The use of 5-iodo-2 deoxy- 
uridine, which inhibits the synthesis of viral DNA, has recently been 
used therapeutically in human infections with the herpes simplex and 
vaccinia virus, but its clinical effects seem to be rather uncertain. 

THE REPRODUCTION OF VIRUSES j 

The mechanism of virus reproduction has been most closily analysed 
in the phage-bacterium system because it is much easierUo control 
experimental conditions for this system than for virus infections of 
higher organisms. Indeed the phage-infection model has been used 
for many fundamental studies on the mechanism and regulation of 
specific nucleic acid and protein synthesis in living organisms (Hayes, 
1963). If infection of a bacterium by a phage causes the lysis of the 
host cell, the phage is said to be virulent. The cycle of the vegetative 
reproduction of virulent phages can be divided into various stages 
(see Fig. 12). 

1. Phage Adsorption and Replication (Fig. 13) 

Stc^e A . — The first event is the random collision of the phage particle 
with the bacterium. 

Stage B . — ^Adsorption of the phage now occurs between comple- 
mentary surfaces on the tail and the superficial layers of the bacteria 
by a process that is so highly selective that the surface components of 
the bacterial cell exhibit more specificity in this respect than they do 
in serological reactions. With some phages, adsorption requires also 
the presence of specific co-factors, particularly inorganic ions and 
amino acids. 

Stage C . — Following adsorption a lysozyme-like enzyme, which is 
a component of the phage tail, is activated and this dissolves a localised 
portion of the bacterial cell wall. (If sufficient phages are adsorbed on 
to a single cell, leakage through the holes may be great enough to 
produce immediate lysis — so-called “lysis from without”.) The i^eath 
of the tail of the phage then contracts and the DNA inside the head is 
extruded down its central canal and passes through the bacterial cell 
wall and cytoplasmic membrane to reach the cytoplasm of the host cell. 
As has already been explained, the contractile sheath of the tail consists 
of 140-200 protein subunits, each of which seems to be associated with 
a molecule of a nucleoside triphosphate and a bound calcium ion. The 
process of contraction is associated with the action of an enzyme which 
hydrolyses the nucleoside triphosphate with the concomitant release of 
inorganic phosphate and a calcium ion. The energy produced in this 
reaction is used for the contraction of the sheath, presumably by an 
alteration in the protein of the sheath similar to that which occurs in 
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2. Phage Multiplication 

Stage D . — ^After attachment to the bacterium there is a period — ^the 
“eclipse phase " — amounting to about half the total division cycle, when 
no phage can be detected within the host cell. During this phase the 
synthesis of bacterial nucleic acid and protein is halted and the activities 
of the host cell are diverted towards synthesising the specific proteins 




Fic. 13 

Stages in the infection of the bacterial 'cell by 
bacteriophage and the replication of the phage 


md nucleic acids of the phage. The first phage-induced polymers seem 
to be the messenger RNA molecules concerned in coding for the syn- 
thesis of phage proteins in the host ribosomes. The first proteins 
produced m this way are enzymes concerned in the biosynthesis of the 
monoiner cor^onente of the phage DNA which may differ from those 
foUowed by multiplication of the pha« DNA and 
production of the structural proteins of the mature bacteriophage. The 
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view that the various components of the phage are formed separately 
and that they are assembled towards the end of the reproductive cycle 
is confirmed by electron micrographs of infected bacteria and by 
biochemical and immunological evidence. 

Stage Phage components are assembled to form the mature 
particles which accumulate within the ceil. 

3. Bacterial Lysis {lysis from tvitkin) 

When the number of nuture phages within the cell reaches a critical 
level the bacterium lyses liberating the virus particles which may then 
attack further cells. The mechanism producing the lysis of the bac- 
terium seems to be that of an accumulation of a soluble lysozyme 
induced in the later stages of phage growth. 

Each cycle of phage reproduction may occupy 20-60 min. and in 
this time a single p^ge may produce 200 or more progeny. The precise 
number of new particles liberated from a single infected bacterium is 
known as the “burst size” and is characteristic for each phage strain. 

Phage Specificity and Phage Typing 

Generally speaking phages are exceedingly specific for the host 
bacteria in which they can multiply. Indeed, their specificity in this 
respect often allows a finer differentiation between types of a species 
of bacterium that can be obtained by any other methods. This pheno- 
menon is therefore often used to subdivide single bacterial species 
into “phage types” according to the number and nature of the phages 
capable of causing their lysis, and has provided much valuable informa- 
tion on the spread of strains of staphylococci, salmonellae, etc. in 
epidemiological studies of infection in the community. The pha^ 
t^ing of the staphylococcus is discussed in greater detail in Chapter 9. 

The usual mechanism of the host specificity seems to lie in the 
process of attachment between the superficial layers of the bacterium 
and the tail fibres of the phage. Usually it is found that the virus will 
adsorb only to susceptible bacteria. It is assumed that the specific 
nature of Ais attachment is due to complementary structures in Ae 
tail of Ae phi^e (probably in Ae tail fibres) and in a component of Ae 
bacterial cell wall. The nature of Ae cell wall receptors for Ae T phages 
of E. coti has been analysed ; in some cases Ae lipopolysaccharide of Ae 
0 somatic antigoi is responsible whilst in oAers Ae lipoprotein layer 
of the cell wall may provide Ae areas of attachment However, in some 
phages, Ae host specificity does not lie solely in Ae adsorption process. 
Thus Ae Vi phages used for Ae typing of typhoid bacilli adsoA to 
all strains of Sahumlla typhi irrespective of their type. However, a 
Vi phage will multipfy only in a tj^hoid bacillus of Ae homologous 
specific type, so that if applied at a low concentration at which “ly^ 
from wiAout” cannot occur, it forms plaques of lysis (frmn wit^) 
^A only this type. The reason for Ae specificity in sudh ^tems is 
unknown, but probably it must lie in some phase after Ae entry of Ae 
phage DNA into Ae host 

Lysogeny Tempenite nu^es.— Infection of a bacterhim wiA 
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phage may result in no perceptible damage to the host cell, and in this 
case the phage is said to be temperate (Fig. 12). The initial stages of 
adsorption of the phage and injection of the DNA are the aamp as for 
virulent phage. However, in some of the infected bacterial cells, no 
breakdown of the means of bacterial growth and reproduction occurs; 
instead the bacterium apparently divides normally. Such are 
carrying no detectable phage, but all the progeny of the infected 
bacterium carry the potentiality of producing furAer phages and lysing 
at some later generation. Each cell must contain a component fo rming 
part of its genetic constitution which reproduces synchronously with 
the bacterium and which is capable of forming mature phagf This 
component is known as prophage, the process is Imown as I)rsoge: ition, 
and the host bacterium is said to be lysogenic. 

Although a temperate phage suspension will lyse a large pr rtion 
of the susceptible bacteria and so will form plaques, some lof the 
bacterial cells will be lysogenised and thus become resistant, g^wing 
as colonies within the plaque. These resistant colonies can be shown 
to carry prophage since they have the capacity to develop spontaneously 
vegetative temperate phages. This process can be induced to the 
vegetative phase much more efficiently by various non-specific environ- 
mental factors such as ultraviolet light. Thus the prophage-vegetative 
system has ffie characteristics of an episome (see p. 94). Lysogenic 
bacteria are immune to infection by phage of the type already carried 
^ prophage. There is thus an analogy between lysogenicity and the 
“latent infection” shown by animal viruses. 

Phages are important agents in transduction in bacteria, for bacterial 
genetic material can be carried accidentally from host cells of one 
genotype to host cells of another genotype by a temperate phage. In 
other c^es (lysogenic conversion) the prophage itself confers the new 
propertira. For instance, non-toxigenic strains of Corynebacterium 
dtphtheriae become toxigenic when lysogenised by certain phages, and 
similarly salmonellae may acquire new somatic antigens. Bacterio- 
phages can thus be regarded as important factors in bacterial ecology. 


The Multiplication of Animal Virusos# 

A purified suspension of virus particles washed free from contamin- 
ating host material is biologically inert and has none of the metabolic 
acD^ti^ that characterise living cells. When such a suspension is 
injcrted mto a susceptible host, however, the virus invades the cells 
and multiplies within them. The first stage of infection is adsorption 
of the virus particle on to the surface of the host ceU. The influenza 
SSf poas^es the enzyme neuraminidase which combines 

wthmuOTpolyMcchande on the cell surface and thus enables the par- 

"T ”2^" •>» l»rticlc dWnttg- 
rates on ffie cell surface and that only its ribonucleic acid nasses 

^ stage to the other^com- 
iwnents of the virus, such as the haemagglutinin anfl lipid, is unknown.) 
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The cell membrane of an animal cell is very much less rigid apd is 
considerably more active than that of the bacterial cell so that virus 
penetration may not need the succession of events in the syringe 
mechanism employed by bacteriophages. Although neuraminidase 
facilitates attachment of the virion, penetration frequency occurs 
without its aid and it must be assumed that the host cell itself plays an 
active part in drawing in, or ingesting, the virus nucleic acid. One 
hypothesis is that when there is close contact between the virus and 
cell surfaces there is fusion of the opposing two lipo protein membranes 
and the establishment of a homogeneous mass which is then engulfed 
by a process similar to that of pinocytosis by which non phagocytic 
cells are able to ingest fluid droplets. Once wifhin the cell the influenza 
virus RNA begins to initiate development of new viral material at a 
site in or close to the nucleus and after an eclipse period the cell is 
induced to produce a substance with the properties of the viral core. 
Simultaneously there occurs in the cytoplasm a different synthetic 
process that produces haemagglutinating particles containing protein 
but no nucleic acid. These two virus components migrate from the 
sites of their formation to the periphery of the cell where they are 
assembled to form new virus particles, probably with the active par- 
ticipation of processes initiated in the host cell membrane. The new 
virions are released in small numbers by a slow continuous leaking 
process and as they leave the host cell they acquire from the cell 
membrane an outer lipid covering layer which binds their components 
together. Viruses assembled at or on the host cell membrane are, by 
virtue of the lipid content of their covering membrane, easily disrupted 
by ether Franklin (1962). The virus of herpes simplex appears to have 
a somewhat similar method of replication although in the early phases 
of its growth cycle, synthesis of viral DNA and of protein occurs within 
the nucleus and continues until the capsid is assembled and covered 
by a single membrane. The particles seem to acquire a second 
membrane from the nuclear membrane as they enter the cytoplasm 
whence they are released without apparent dam^e to the host cell. 

There is, as yet, little information available on the means by which 
other animal viruses attach themselves to and penetrate their host cells 
but there is evidence that the poliovirus disintegrates at the cell surface 
to release its RNA. In the case of the vaccinia virus, however, the 
particles are foimd within the host cell walls with their outer membranes 
intact within an hour of first contact. 

Some animal viruses have the same profound effect on their host 
cells that a virulent phage has on a susceptible bacterium, and the 
reproductive cycle ends with gross dams^e and total destruction as the 
cell bursts to liberate large numbers of new particles. The pox viruses 
produce this effect in the skin and the damage may be so profound that 
severe clinical manifestations of the disease become apparent. 

Other animal viruses multiply rapidly and damage the tissues 
nuldly so that the affected cells may survive for quite long periods and 
^e illness lURy be less severe. In some drcumstances, e.g. in herpes 
infections in the diin of the face, a state of equilibrium may be 
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nimilnr to that esublishcd between a temperate pha^ and lysogenic 
bacterium. Such latent infections continue for long periods and it is only 
under the action of external stimuli, such as exposure to ultraviolet light 
or metabolic disturbance, that the herpes virus or the prophage are activat- 
ed once more to damage their host cells and give rise to obvious effects. 

Virus Tropisms. — Many animal viruses have a marked affinity 
for special organs and it has been customary to group them together 
according to their particular tissue predilections. Thus viruses were 
classified as dermotropic, neurotropic, pneumotropic, enterotropic and 
viscerotropic, but these tropisms are seldom absolute and vary as the 
virus is grown in the laboratory. For example the strains of the polio- 
myelitis virus used in Sabin’s oral vaccine have changed so\completely 
that they have lost their neurotropism and no longer datnage nerve 
cells although they retain their enterotropism and multiplv freely in 
the cells of the intestinal tract. Frequently a lesser variation in tissue 
tropism occurs in the laboratory and this indeed happens whenever 
a newly isolated virus is adapted to grow in any unfamiliar cell system. 
Tissue tropisms are not closely related to the other properties of a virus 
and thus constitute only one of a number of minor criteria used in virus 
taxonomy. 

Little is known of the factors that determine the susceptibility or 
resistance of any particular tissue to an individual virus, but the surface 
configuration and chemical structures of the cell membrane are im- 
portant factors just as they are in the bacterium phage S 3 r 8 tem. In the 
case of the poliovirus Holland and Hayer (1962) have shown that a 
specific receptor (probably an insoluble lipo-protein complex) is present 
in the membrane of susceptible nerve cells and that it is absent from 
organs and tissues not normally attacked. 

Inclusion Bodies. — During the course of multiplication, many 
viruses are associated with the appearance or large distinctive structures 
known as inclusion bodies. They may be situated either in the cyto- 
plasm, or in the nucleus or, as in the case of measles, in both. The 
inclusion bodies are often acidophilic and usually appear as pink masses 
in smears or sections stained with Giemsa’s stain or with Matm’s eosin 
methyl-blue stain; basophilic inclusions are characteristic of the 
psittacosis-lymphogranuloma group. In size they vary from 1 to 30 
in diameter. In certain infections the inclusion body is intimately 
concerned with the reproductive cycle and can be seen to contain large 
nuinbers of virus particles when it is examined elcctron-microscopically. 
Duimg the early stages of the formation of an inclusion the elementary 
bodies are held within it in a jelly-like matrix. 

Intracytoplasmic inclusion bodies are often so characteristic in their 
appearance that their presence in tissues is of du^ostic significance. 
One large inclusion, the Negri body, is up to 20 in diameter and 
acidophilic; its presence in the nerve cells of the hippocampus of the 
dog’s brain justifies the presumptive diagnosis of rabies. Rather 
snuller multiple inclusions are found in the cells of hosts infected with 
Ae vaccinia virus and are known as Guamieri bodies. Very large 
inclusions known as Bollinger bodies are characteristic of fowl-pox and 
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those of molluscum contagiosum are so large (20 x 30 /x) that they are 
easily visible in sections of the skin seen under the low power micro- 
scope. 

Intranuclear inclusions are acidophilic and may be of two types; 
Cowdry Type A is granular in appearance and of variable size, and is 
found in herpes simplex, zoster, varicella and yellow fever; Type B, 
which is more circumscribed and sometimes multiple, is found in 
poliomyelitis, adenovirus infections and Rift Valley fever. 

The fundamental characters described can be used to place the 
great majority of animal viruses into seven main groups. These are (1) 
the poxviruses, so-called from the skin lesions they produce, (2) the 
myxoviruses named from their affinity for mucus, (3) the herpesviruses 
named from the creeping lesions of shingles, (4) the adenoviruses which 
were first found inhabiting adenoid lymphatic tissue, (5) the REO viruses 
associated with respiratory enteric infections, (6) the arborviruses which 
are arthropod-borne, (7) the enteroviruses together with the rhinoviruses 
are now to be called **picornaviru$es** (pico implies a very small virus 
and RNA, of course, indicates the nucleic acid content). (8) the 
papilloma (PA), polyoma (PO), vacuolating agent (VA), PAPOVA 
viruses. A more complete classification of the viruses of vertebrate 
hosts is given (Andrewes 1963) on p. 83 et seq. 


A Summary of the Fundamental Characters of the eight main Groups of 
Animal Viruses (after Andrewes, 1962) 


Virus Group 
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1. Poxviruses 

DNA 

300x250 

? 

+ 

0 

+ or 0 

2. Myxoviruses 

RNA 

100-300 

? 

-b 

+ 

+ 

3. Herpesviruses 

DNA 

120 

162 

+ 

0 

+ 

4. Adenoviruses 

DNA 

100 

252 

None i 

0 

0 

5. Reoviruses 

RNA 

75 

92 

None 

0 

0 

6. Arborviruses 

RNA 

40 

? 

? 

+ 

+ 

7. Picomavtruses 

RNA 

20-30 

32 

None 

0 

0 

8. Papovaviruses 

DNA 

25-45 

42 

? 

0 

0 


Pathogenesis.— The point at which a virus enters the host’s body 
and the course of its subsequent growth is determined partly by the 
nature of the virus itself and partly by the resistance or susceptibility 
of the cells concerned. When the virus multiplies it may spread only 
from cell to cell producing a small focal lesion, as for example a 
wart or a single molluscum contagiosum body. Viruses deposited on 
mucous membranes of the respiratory tract, however, may multiply and 
spread over much larger areas producing, in the nose, a common cold or 
in the trachea and bronchi an attack of irauenza. The mode by which the 
virus spreads over the muc<^ is probably by a combination of the 
cilia-motivated flow of inflected mucus and ffie migration of virus-kden 
leucocytes. ' 

In offier infections the virus may spread from its site of primary 
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multiplication to the local lymph nodes. This often happens in primary 
cutaneous vaccination against smallpox when the axillary lymph glands 
enlarge. In severe infections with such viruses as those of smallpox 
or poliomyelitis, the process continues even further and virus is liberated 
into the lymph channels and carried thence into the blood stream to 
give rise to viraemia and the generalisation of infection throughout the 
whole body. These events mark the conclusion of the ‘‘incubation 
period*’ of the disease and during the next few days prodromal signs, 
particularly fever and malaise, occur as the “target organs” are being 
invaded by the virus. When massive areas of the target organs have 
been destroyed by the virus the severe clinical form of thd illness 
becomes obvious, e,g, the skin rash of smallpox and the paralysis in 
poliomyelitis. The damage that viruses do to tissues usually takes 
the form of degenerative changes in foci of virus-infected cell A these 
foci are surrounded by an outpouring of inflammatory cells that are 
predominantly monoc 3 rtic. The nature of the degenerative changes 
depends on the type of the cell involved and on whether the virus 
multiplies in the nucleus or the cytoplasm; the anterior horn cells 
in the spinal cord in paralytic poliomyelitis show granulation of the 
cytoplasm and severe nuclear damage, whereas the epithelial cells in the 
epidermis in smallpox show ballooning of the cytoplasm and later break 
down to form vesicles. Some viruses do not destroy the host cells but 
stimulate them to proliferation and to form tumours; in man, the warts 
virus produces a small, innocent, localised papilloma whilst in mice and 
polyoma viruses give rise to multiple highly malignant neoplasms. 

Infectivity, — Viruses, as a group, are highly pathogenic in minute 
doses. Serum from a case of infective hepatitis injected in a dose of 
less than 0*1 ml. has been known to transmit the disease. A millionth 
part of 1-0 ml. of a 10 per cent, brain suspension from an infected 
monkey is sufficient to infect another animal with yellow fever. 

Epidemics are particularly characteristic of many virus diseases. 
Influenza assumes major epidemic proportions at irregular intervals 
of three to five years and at roughly forty-year intervals sweeps over the 
whole world, as is witnessed in the pandemic of 1918-19 and the Asian 
influenza of 1957. Smallpox is notorious for the ease and rapidity 
with which it spreads and for the severity of the epidemics it causes. 
Amongst animals, foot and mouth disease and fowl pest have an amazing 
power to spread not only from one host to the next but from one 
geographical location to another. 

The transmission of virus infections may occur in many ways. 
Direct transmission by contact between persons is responsible for the 
spread of the inclusion conjunctivitis virus which inhabits the human 
genital tract and spreads from one consort to another during sexual inter- 
course; later it reaches the eyes of a baby as it passes through the birth 
canal. Similarly the virus of molluscum contagiosum spreads by direct 
contact of skin to skin. Spread by means of the ingestion of infected 
food or drink is the main method by which polioviruses and other entero- 
viruses reach new victims after leaving the body of the previous host in 
the faeces. Droplets of infected mucus sneezed out by patients suffering 
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from common colds or influenza possibly convey the infection through 
the air and may be inhaled by the next person in the chain of infection. 
Dust contaminated with the organism of Q fever may be breathed in 
and give its recipient an attack of pneumonia. (It should be noted, 
however, that there is very little good evidence available to indicate 
the relative importance of droplets, dust, contact and other possible 
mechanisms in the spread of the respiratory tract viruses.) A dog may 
bite a victim and introduce directly into the tissues the rabies virus which 
is present in its saliva. Mosquitoes, ticks and other arthropod vectors 
carry viruses for long periods in their bodies and when they bite man 
they are able to infect him by the injection of the virus in their saliva. 

Virus Haemagglutination 

Some viruses, notably those of the influenza group, cause the 
agglutination of the red blood cells of man, fowls, guinea-pigs and 
other animals. Virus particles attach themselves to the surface of these 
cells by means of enzymatic groups which react with a mucopoly- 
saccharide substrate in exactly the same way as they adhere to the 
surface of the epithelial cells of the bronchioles. 

When red blood cells are added to a vims suspension each cell 
becomes speckled with many adherent virions; often one particle is at- 
tached to one or more cells forming a bridge between them and fastening 
them together. In this way the cells are agglutinated into masses which 
fall rapidly in the suspending fluid to settle on the bottom of the tube in 
an irregular ragged pattern. Once the cells have been agglutinated, and 
when Ae substrate in the receptor areas has been exhausted, dissociation 
occurs and the vims is liberated. Red blood cells treated in this way 
are permanently damaged and can no longer be agglutinated by the 
virus, which is unaltered by the process and retains its power to 
agglutinate fresh cells. 

Haemagglutination is probably a model of the first stage of the 
natural infection of cells, because the mucopolysaccharide substrate 
which enables the virus to attach itself to the red cell envelope, is also 
found on the surface of the epithelial cells of the respiratory tract. In 
this way the influenza virus can be intimately applied to the surface of 
its host cell and has only to traverse the cell wall to initiate infection. 
The mucopolysaccharide substrate is also present in mucus from the 
intestine, ovarian cysts, milk, urine and semm; it is often referred to 
as a “non-specific inhibitor” of vims action. A similar enzyme is also 
found in some bacteria, notably the cholera vibrio and CL mkhii; it is 
usually called the “receptor destroying enzyme” (RDE). The 
property of haemagglutination resides in the vims particle itself; in 
the case of the influenza vims it is formed early in the reproductive 
cycle and can be demonstrated in immature, or “incomplete” vims, 
which is not yet infective. 

The haemagglutination reaction is important in laboratory woric 
because it provides a simple and rapid method by which vims can be 
detected in egg^ and tissue culture fluids. Furthermore infected celb in 
tissue cultures adsorb red blood cells to their surfaces (haemadsorptton) 
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and are thus shown to be harbouring virus. Haemagglutination is also 
the basis of a method of virus purification. Virus in crude infected 
fiuids is adsorbed on red cells which are then sedimented; after removal 
of the supernatant the virus is eluted into a small volume of clean 
fiuid and the eiythrocytes are removed by slow centrifugation. 

Haemagglutination is found in other groups of viruses. Poxviruses 
give the reaction, but their haema^lutinin is distinct from the intact 
infective virus. The haemagglutinin of the vaccinia virus is destroyed 
by lecithinase (e.g. a toxin of Cl. toekhu) and is a lipoprotein; it is a 
much smaller particle than the virus itself and can be sepjsrated from it 
by centrifugation or adsorption with red blood cells. j 

The arthropod-borne viruses which cause such mfections as dengue, 
yellow fever, Japanese B and other types of encephalitis also possess 
haemagglutinins, as also does the mouse pneumonia tnrus (PVM). 
These haemagglutinins appear to have a reversible state of equilibrium 
with erythrocytes; they are inhibited by lipids and are vifiy sensitive 
to slight variations of pH. The members of the group of adenoviruses 
agglutinate the red blood cells of monkeys, mice, and rats. Certain 
types of ECHO viruses agglutinate human Group O erythrocytes and 
in the process the red cells receptors are exhausted. 

Haemagglutination reactions of many of these types are used in 
antibody estimations. Viruses when mixed with antibodies lose their 
power to agglutinate red blood cells; the extent to which a serum is 
able to inhibit haema^lutination is a measure of its antibody content. 
Haemaggktinatim inhibition tests are highly specific and are particularly 
valuable in serological work with the variants of the influenza viruses. 


Interference. 

When animals are inoculated with certain viruses they may become 
resistent for a while to the effects of a second and more virulent virus. 
The inje^on of Rift Valley Fever virus into monkeys, in which it causes 
only a mild illness, protects them against the challenge of a lethal dose of 
the yellow fever virus and simil^ly the benign lymphocytic chorio- 
meningitis virus excludes the effects of infection with the poliomyelitis 
virus. The viruses in these examples of interference are and 

are distinct immunologically. 

There are, however, many other instances of interference where the , 
two viruses are more closely related and in these the phenomenon can be 
cl^lydemonstratedin experiments withchickembryoandtissuecultures. 

hus previous infertion with influenza A virus precludes subsequent 
masion by another influenza A virus, or the mumps or Newcastle viruses. 

we is some evidence to suggest that interference may occur under 
mtural conditions in man, for if patients convalescent from infection with 

with the immunologically distinct 
dengue II virus Aey can be shown to have some resisttmee. 

anA tlX^*^*"** ^ frequTOtly been observed to occur between viruses 
ornwtv. ™titants; the dermotropic vaccinia virus suppresses ^ 
g 1 neurotropic variant, and non^encephalitogenic attains 
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the herpes simplex virus protect the rabbit agiunst virulent entxphalito- 
genic strains. 

The interfering action of living viruses may be due to a variety of 
causes. Enzymatically active virus may destroy or occupy all the re- 
ceptor areas on the host cell and thus prevent access by the second 
virus ; or the interfering virus may compete successfully for ^ control 
of enzyme systems and nucleic acid synthesis w ithin the cell, leaving 
no metabolic processes available for the second virus. It is also possible 
that the mechanism of escape of the interfering virus from the cell is 
blocked and that this prevents invasion by the challenging virus. In 
short, if the cell is occupied by an interfering virus a second virus may 
be unable to enter. 

It must be remembered, however, that there are some occasions 
when two viruses can invade and multiply in the same cell simultane- 
ously without interference occurring. When one virus is situated in 
the nucleus and the other in the c}rtoplasm both can reproduce un- 
hindered, e.g. herpes simplex and vaccinia, measles and poliomyelitis. 

Killed virus as well as living virus possesses the power to interfere. 
Heat at 56“ C. and exposure to ultra-violet light destroy the infectivity 
of a virus without affecting its capacity for interference. 

Interferon. — The mechanisms of viral interference became more 
clearly understandable when Isaacs and Lindemann (1957) showed that 
virus-containing cells release a soluble substance which has the power 
to reproduce the effects of an interfering virus. This substance they 
named "interferon” and their first observations showed that influenza 
virus inactivated by heat or ultra-violet light was able to stimulate the 
cells of growing fragments of chick chorio-allantoic membrane to release 
interferon in considerable amounts. It was soon discovered, however, 
that many different animal viruses possessed this property and that 
interferon production also occurs w'hen cells are infected with living 
viruses. Deoxyviruses such as the poxviruses as well as riboviruses 
such as the myxoviruses, and the arbor- and enteroviruses can all 
stimulate interferon production. No matter which virus initiates the 
reaction, the interferon produced is always essentially the same sub- 
stance. It must be emphasised that inteiferon is a host cell product. 

Interferon differs from the original virus in many ways. It is mudi 
smaller, it is not neutralised by specific viral antisera, and it caimot 
be adsorbed on to erythrocytes. The interferon particle is composed of 
protein with a molecular weight of 20,000 — 34,000 and a trace of carbo- 
hydrate; it is non-dialysable and contains no nucleic add (Lampson et 
al; 1963). Interferon is destroyed by proteolytic enzymes but is in- 
sensitive to non-proteolytic enzymes such as amylase, lipase and deoxy- 
ribonuclease. Although it is a protein, it is not antigenic, even uriien 
injected together with adjuvants. It is stable over the pH range 2—11 
|wd its ability to withstand pH 2 is useful in distinguidut^ it from 
iinactivated viruses. Purified interfwon is adsorbed stroni^y to glass, 
paper, starch, and but not to polypropyl^e vessels. It can be 
leluted frmn glass by tiie use of bovine albumin or Tween 80. Tim 
[production of interferon in cell cultures is inhfliited by cortwme, a 
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finHin g that may offer an explanation of the way this drug is able to 
enhance the severity of so many virus infections. There is some evid- 
ence to suggest that interferon production may be a general response 
to the introduction of foreign nucleic acids into the host cell. 

When a cell has been invaded by a virus the interferon produced 
diffuses to neighbouring cells and confers on them a temporary resist- 
ance which limits the spread of infection and probably plays a part in 
the recovery from disease. Cells that have been treated with inter- 
feron can still take in the virus particle which, however, is unable to 
multiply. The action of interferon is entirely on the host cell and it is 
without any direct effect on the virus. The exact mod^ of its action 
is Jiot yet understood but it is likely that it inhibits seme oxidative 
process that supplies the vital energy for the synthesis of viral DNA 
or RNA, possibly by uncoupling phosphorylation from oxidation. 
Oxygen tension plays a critical role in the production of interferon. If 
oxygen in the atmosphere is replaced by nitrogen little or np interferon 
is produced. Conversely if a high oxygen tension pertains, as when 
mice are infected with influenza virus and held in an atmosphere of 
50 per cent, oxygen, they fail to produce interferon in their lung 
tissues and suffer an increased mortality and die earlier than control 
animals kept in the ordinary atmosphere. 

Cancer cells and the cells of very young chick embryos are insensitive 
to the anti-viral actions of interferon and this may be related to the fact 
that both these two t 3 rpes of cells are able to carry out the glycolysis of 
glucose under anaerobic conditions and that they do not require oxid- 
ative phosphorylation for their energy requirements. It is probable 
that the in erferon mechanism is only developed by the cells after the 
first third of embryonic life and if this is true it would offer an explana- 
tion of the great susceptibility of early embryonic tissues to virus infec- 
tions. This could also explain why mothers infected with the rubella virus 
during the first three months of pregnancy are very liable to have 
babies with congenital abnormalities, whereas others infected later in 
pregnancy only rarely have abnormal children. The ability of a virus 
to stimulate interferon production is closely and inversely related to 
its virulence and to the optimum temperature for its growth. Avirulent 
strains of the poliomyeUtis and measles viruses are known to cause 
considerable interferon production, but wild and virulent strains of 
these viruses stimulate little or no interferon reaction by the host cell. 
Viruses with high optimal temperatures for growth, e.g. Newcastle 
disease virus at 42° C. and fowl plague virus at 39° C., are less sensitive 
to interferon than those that grow at lower temperatures, t.g. some 
arborviruses at 35° C. and common cold viruses at 32° C. It is gener- 
ally true that virulent viruses with high optimal growth temperatures are 
weak inducers of interferon production in the host cell (Isaacs, 1962). 

Since interferon is non-toxic, non-antigenic and active against many 
different viruses it may have an important role to play in medicine, 
intmeron is injected locally it will prevent infection of the human skin 
vaccinia virus, but its value as a therapeutic agent in estab- 
lished virus disease has yet to be determined. 
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The Cultivation of Animal Viruses 

To cultivate viruses it is always necessary to provide livmg host 
cells; no inanimate culture medium can meet the growth requirements 
of a virus and there is no evidence that reproduction ever takes place 
outside a living cell. Host cells are usually provided in one of three 
forms: 

(1) The experimental animal. 

(2) Chick embryos. 

(3) Tissue cultures. 


Animal Inoculation was at one time the only method available, but 
has now been largely replaced by newer methods. In general, aniiftal 
inoculation techniques depend for their success on the demonstration 
of a recognisable disease or death after a defined time interval. The 
presence of inclusion bodies of characteristic morphology in the 
animal's tissues provides additional evidence of virus infection. The 
poliomyelitis virus, for example, after intraspinal or intracerebral 
inoculation causes typical paralytic disease in the monkey, while the 
variola or smallpox virus causes the formation of lesions in the scarified 
skin or cornea of the rabbit (Paul's Test) accompanied by the appear- 
ance of multiple eosinophilic intracytoplasmic inclusions in the epithelial 
cells. Since these methods are slow and full of technical difficulties, 


they are employed only when no other means is available. When 
animals are suspected of rabies, brain tissue is taken at autopsy and is 
inoculated intracerebrally in mice and rabbits; if it is present the 
animals develop encephalitis and die seven to ten dsys later. Coxsackie 
viruses are identified by their unique property of causing severe 
myositis and paralysis in suckling mice. In yellow fever, antibodies 
in the serum are detected and titrated by their power to protect mice 
against a lethal doses of the virus. 

Chick Embryos provide more satisfactory hosts for they are clean 
id bacteriologically sterile; they also have the advantage that they 
Jack any protective specific immune mechanism to counteract virus 
‘ ifection. Vaccinia and the other pox viruses together with the herpes 


Simplex virus all produce lesions on the chono-allantoic membrane 
‘vhich are highly characteristic and easily recognisable with the naked 
eye. Influenza viruses multiply in the cells of the embryo's lungs and 
|n the cells lining the allantoic cavity and are recognised by their 
aemagglutination and haemadsorption properties. The psittacosis 
lymphogranuloma group and the Rickettsiae grow well in the yolk sac and 
usually kill the embryos within well defined time limits. 

Tissue Cultures of human or simian cells arc the most frequently 


ased and are relatively simple to prepare in the large quantities 
ire required by modern diagnostic virological methods. Suspensions 
pf cells dispersed from tissue fragments or from bulk cultures of ceU 
“nes such as HcLa, are obtained by tryptic digestion The celb adhere 
» the walls of the test-tubes and grow out to form a sheet, or mmobiyer, 
^hich is easily observed in situ under the low power objective of the 


acroscope. 
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The details of the techniques of egg cultivation and tissue culture 
are given in Chapter 57. 


THE ASSAY OF ANIMAL VIRUSES 

The presence of a virus in infected tissues or exudates is demon- 
strated by the methods of cultivation already described and by the 
observation of changes in whatever host system is employed. But it 
is often essential in medical diagnostic work, in ftmdammtal studies 
of the growth of viruses, and in observing activity of anybodies and 
arftiviral agents, to have some means of estimating ac^rately the 
numbers of virus particles. 

There are many methods for counting, the most direih is that of 
spraying a fine vapour of the virus-containing fluid on to electron 
microscope grids. The droplets of the vapour are of knov^n volume 
as estimated by phjrsical measurements or the inclusion of known 
numbers of reference latex particles in the virus suspension; the 
virus particles contained are deposited in a circumscribed area so 
that they can be counted on the electron-micrograph. Of coiu^, 
preparations of this sort give only a total count which includes both 
liv ing and dead virus particles; if a viable count is needed an estimate 
must be made of the infectivity of the particles. 

The numbers of infective virus particles can be counted by inoculat- 
ing a series of gradually diminishing doses of the viruses into groups 
of susceptible animals, eggs, or tissue cultures. 

The Cytopathic Effect (CPE) of the virus on the host ceU is much 
used for Ae determination of Ae infectivity titre of a virus suspension. 
Viruses as they grow in tissue cultures produce different effects varying 
from rapid and complete necrosis of Ae host cells in 48 hours to a slow 
rounding off and minor types of degeneration appearmg many days 
after infection. The CPE is easily observed wiA Ae' low-power 
objective of Ae light microscope and is given by nearly all Ae major 
groups of animal viruses. Sometimes Ae effects are characteristic 
for Ae virus concerned, as for example Ae giant ceUs and syncytia 
formed when tissue cultures are infected wiA Ae herpes or measles 
viruses. The infectivity titre of a virus culture can be determined by 
the inoculation of a series of Aminishing amounts of it into a sufficient 
number of tissue cultures and the definition of Ae mininud dose needed 
to produce a CPE. 

A point is reached where a given dose of Ae virus produces a 
recognisable effect in one-half of the inoculated hosts. When, as usually 
happens, none of Ae inocula used gives exactly a 50 per cent, incidence 
of infection, Ae size of Ae inoculum that would have done so may be 
cal^lated by the formulae mentioned in Chapter 52 The 50 per cent, 
incidence of infection represents the end pomt of a virus titration; the 
inoculum giving Ais result in animals is known as Ae LD50 (50 pet 
cent, lethal dose), Ae EID50 (for infectivity in eggs), or Ae TCDSO 
(for tissue culture effects). 



VIRUS ASSAY 


79 

The plaque counting teckm^ offers another convenient method of 
estimating die number of living virus particles. If a suitable dilution 
of a virus is added to a confluent sheet of susceptible cells growing in 
a Petri dish visible plaques appear wherever the virus attacks and lyses 
the cells. When a virus particle enters a single cell, it multiplies and 
destroys the cell, and then spreads to contiguous cells; the process is 
then repeated until a visible area of clearing (a plaque) results. With 
small virus inocuk plaque represente a single infective virus 
particle and by counting the plaques that result from a given volume 
of a virus dilution an estimate can be made of the total number of 
plaque forming unite {i.e. infective virus particles) present. The pro- 
portion of the total number of particles as estimated under^the electron 
microscope to the number of plaque forming unite (».e. 'viable virus 
particles) gives an estimate of the “plating], ^ciency” of the virus 
preparation. Under optimal conditions bacteriophages have a very high 
plating efficiency (1*0) and each particle may be infective, but with animal 
viruses {e.g. vaccinia) the infectivity may be much lower because some 
of the viruses may be inactive or some of the host cells insusceptible. 
With plant viruses the plating efliciency is usually poor and a hundred 
or more particles are needed to establish infection. Plaque counting 
methods have a general application in experiments with bacteriophages 
and with animal viruses growing in tissue culture monolayers. A very 
similar method is used for those animal viruses that produce lesions on 
the chorio-allantoic membrane of the chick embryo and is known as the 
pock counting technique. 

These assay methods rely on the infectivity of virus particles to 
reveal their presence but there are other properties that can be used for 
this purpose. 

. Haemaggbaination is one such property that is frequently used in 
estimations of the number of virus particles present m die fluids of e^ 
cultures of the myxoviruses. The haemagglutinm titre of a virus fluid 
gives an index of the number of virus particles present, but the figure 
obtained is often higher than that obtained in infectivity experiments. 
This apparent discrepancy is due partly to the fact that immature or 
“incomplete” virus particles acquire the property of haem^lutination 
before diey become fully infective and partly to the fact that virus 
particles exposed to heat or other physical agents retain their power to 
agglutinate red blood cells long after losing their abili^ to reproduce. 
Myxo- and arborviruses as they grow induce a change in their host 
cells so that red blood cells attadi themselves to the cell walls. This 
phenomenon is known as hamadsorpHon and is of special value in the 
assay of para-influenza viruses. 

Antigenie amponenU that can be detected by serologkal methods, 
such as complement fixation, precipitation, or haemagglutination in- 
hibition are also often used in vims assay and provide the means 
whereby the potency of an antigen can be gauged before use in du^nostic 
antibody tests. By miring gr^ually diminishing amounts tef the virus 
with a fixed quanti^ of a suitable antiserum die amount of virus can be 
|detemuned by the manner and d^ree with which dm two 
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combine together. In tests of this type the antigen concerned is usually 
the protein of the viral capsid. 

Metabolic The multiplication of many viruses (notably the 

polioviruses) damages the host cells so profoundly that their normal 
metabolic processes cease. In tissue cultures this effect becomes 
obvious because the damaged cells can no longer liberate acid and the 
phenol red indicator of the culture medium fails to change colour in 
the same way as it does in control uninfected cultures. This colour 
change is used to titrate the activity of enteroviruses in tissue cultures 
and also to estimate the power of antibodies to check virus growth. 


VIRUS MUTATION 

Although some animal viruses such as those of mumps and meakles 
are remarkably stable over many years, others, like the influenza vims 
A, show a striking lability with a marked tendency to variation and 
mutation of some of their characters. In a growing population of 
the latter viruses mutation occurs constantly and there is a continuously 
active process of selective proliferation and survival which determines 
the character of the dominant virus. There is much laboratory evidence 
to prove that new vims forms emerge as a result of this process. Mutant 
vimses can differ from the parent strains in many ways; they may have 
an increased rate of reproduction, altered haemagglutinating characters, 
increased or diminished pathogenicity or modified antigenic stmcture. 
It is its high mutability and the plasticity of its antigenic stmcture that 
enables the influenza vims A to assume a new form at irregular intervals 
and to initiate frequent epidemics. 

In contrast, other mutants remain antigenically stable but lose the 
pathogenicity of the parent strain ; such mutants are referred to as being 
“attenuated”. Thus the vaccinia vims has retained antigens of the 
variola vims but has lost its power to produce smallpox, and the 17D 
strain still contains the antigens of the yellow fever vims although it 
lacks its vimlence. Both these mutants are of great importance because 
they can be used safely as highly efficient immunising agents. 

The isolation of mutants of this type from other vimses is a matter 
of importance because vaccines containing live vims impart a fuller 
measure of durable immunity than do those containing killed virus. 
The selection of an attenuated mutant is usually accomplished by 
passing large doses of the original vims in a series of rapid transfers in 
an unfamiliar host, so that any fast-growing mutant will have optimal 
conditions for survival. When a mutant reproduces more rapidly than 
the parent strain it can be separated in a pure clone from a single virus 
particle. This can be done by making “limiting infective dilutions’* 
and transferring to a new host, or by plating on a monolayer of cells in 
tissue culture, using the plaque technique. 

By th^ methcSis, attenuated mutants have been obtained from the 
mree poliomyelitis vim^ and have been used in the living state as 
vaccmes for oral administration. Using egg cultivation methods, 
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attenuated strains of the rabies virus (Flury strain), the canine db- 
temper virus, and the rinderpest virus have been obtained and have 
provided efficient vaccines for veterinary use. 

Recom b i n a t ion. — If a host cell is confronted by two animal viruses 
simultaneously, there are three possible outcomes: (a) both viruses 
may enter and multiply without either influencing the other; (b) entry 
of one virus may inhibit the multiplication of the second (interference); 
(c) the presence of the first virus may influence the reprodimtive pro- 
cesses of the second and vice versa, so fliat the progeny develop characters 
derived from both the parent viruses. In the third eventuality a genetic 
transfer of material between the two growing closely related viruses 
has occurred and is referred to as a process of recombinaUon. It has 
been shown for example that the neuropathogenicity of a variant of 
influenza virus A (NWS) can be transferred under these circumstances 
to another influenza virus (MEL) that lacks this quality. Recombination 
has been most intensively studied in the group of influenza viruses, 
but has been induced between vaccinia and rabbit pox, and in strains of 
the psittacosis virus. It is not known how frequently hybrids of th i s 
type occur under natural conditions but the mechanism may offer an 
explanation for the evolution of new viruses. For further reading on 
the subject of virus geneitcs the reader is referred to a review of the 
work of Burnet (1959) and to Fenner & Sambrook (1964). 

ANTIVIRAL IMMUNTTY 

Resistance to infection with viruses depends on the same defence 
mechanisms that operate against bacteria. Viral infection is consis- 
tently followed by the development of specific antibodies that can 
be measured by the usual immunological methods, such as comple- 
ment fixation, neutralisation and precipitation. Natural immunity, 
together with species specific resistance, is as familiar in virus diseases 
as it is in bacterial infections. The rdle of antibodies in overcoming 
viral infections lies principally in their power to combine with the 
invading microorganism and to prevent it gaining access to the host’s 
cells. In this way they are less eflicient than antitoxins, which combine 
rapidly and avidly wi^ bacterial toxins, but far more effective than the 
humoral antibodies in such infections as tuberculosis or t 3 rphoid fever. 
In the rate condition of hypo-agammaglobulinaemia, children do 
not develop antibodies after receiving inoculations of antigens nor after 
recovery from measles, mumps, chidcenpox, or Jennerian vaccination. 
And yet these conditions are no more severe than in ordinary children 
and after recbvery the children are clinically resistant to re-infection 
or re-vaccination. Viral immunity must rest on other factors besides 
humoral antibodies, and it seems probable that cellular resistance 
together with interference and interferon production by other viruses 
may be of importance. The r61e cff phagocytic cells and the value to 
the host bf non-speciflc factors such as ccunplement is Mill und^ermmed. 

The outs^mding feature of all virus infections is the intracellu- 
lar situation of die growing virus; here it is protected 1^ the btJl 
F 
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(membrane) which is an impervious barrier to circulating antibodies. It is 
this circumstance which renders ineffective the therapeutic tise of anti- 
sera once a virus infection is established; in paralytic poliomyelitis, for 
example, antibodies given in the form of convalescent serum or as 
gamma globulin do not benefit the patient, because they cannot reach 
the virus as it grows within the horn cells of the spinal cord. The real 
value in medicine of antibodies lies in their capacity to neutralise the 
virus before it reaches the host cells. Thus the early prophylactic use 
of human gamma globulin is highly effective in preventing the estab- 
lishment of clinical infection in persons recently exposed to measles or 
infective hepatitis. ; 

Some virus infections are followed by a prolonged immunity that 
may persist for life, while in others it may last for only a few mmths. 
A prolonged immunity is characteristic of measles, mumps, smallpox, 
yellow fever and second attacks of these diseases are extremely rare. 
It is significant that in all these diseases there is a phase of viraemiaWd 
often a long incubation period. Probably the long incubation penod 
allows time for a secondary antibody response to become effective 
before the stage at which symptoms of the infection would become 
apparent. After multiplication in a primary focus of infection for about 
ten days, the virus overflows into the bloodstream ; it is then carried to 
fresh host cells at a distance where it may multiply to produce a rash 
and provide a powerful secondary stimulus to antibody production. 
Viruses that give long-lasting immunity are almost invariably anti- 
genically stable and it is rare for them under natural circumstances 
to vary or mutate. 

One explanation of the reasons for the long persistence of a solid 
immunity may be that the virus remains alive in a modified form within 
affected cells to act continually as a stimulus to antibody formation. 
It must, however, be stated that whenever such events have been proved 
to occur, as in herpes simplex infection around the lips in man, or in 
benign l3mphocytic chorio-meningitis infections in mice, there is, 
instead of a solid immunity, a marked tendency to relapse with re- 
crudescence of clinical lesions. 

Limited immunity of short duration occurs most frequently in 
conditions where there is no evidence of a viraemic phase and where 
the infecting virus has a marked tendency to antigenic variation. 
Influenza, the common cold, and many other viral infections of the 
upper respiratory tract are followed by immunity of very short duration 
md second attacks of these illnesses occur very frequently. They are 
infections of surface mucous membranes and the viruses reach the host 
cells directly by the inhalation of infected particles without bein^ 
exposed to antibodies or virucidal mechanisms in the bloodstream. 
In^unity to influenza and the common cold is further limited by the 
pdstence of multiple inununological t5rpes of the viruses. An attadt of 
influenza is, of course, followed by the development of specific anti- 
bodies, but these are of limited effectiveness in protecting the individual, 
partly because the next virus may be of a novel antig^uc type and 
partly because there is little opportunity for contact between virus and 
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antibody. It is possible that the small measure of immunity that does 
follow an attack of influenza is mediated by antibodies present in the 
nasal secretions. 

Although humoral antibodies arising after a viral disease are accepted 
as a very important factor in increasing the individuals’ resistance and 
in preventing a virus from reaching the host cells it must be remembered 
that other protective mechanisms also operate. One of these is the 
mechanism of hypersensitivity in which the host cells themselves are 
rendered resistant to invasion by the infecting virus. The importance 
of allergy in resistance to viral infections is not yet well understood but 
for furdier information the reader should consult Beveridge (1963). 


CLASSIFICATION OF THE VIRUSES OF 
VERTEBRATE HOSTS 

The extent of our knowledge is not yet sufficient to warrant the use 
of the Linnaean binomial nomenclature used for bacteria. It is, 
however, possible to group the viruses of vertebrate hosts according to 
some of their outstanding properties and to distinguish the individual 
members of the groups. There has been international agreement that 
the following criteria should be used in the classification (Andrewes, 
1963). 

1 . Morphology, size, and methods of reproduction. 

2. Chemicai composition and phjrsical properties. 

3. Immunological properties. 

4. Susceptibility to physical and chemical agents. 

5. Natural methods of transmission. 

6. Host, tissue and cell tropisms. 

7. Pathology and inclusion body formation. 

8. Symptomatology (deliberately placed last as of minor importance). 

Using these criteria, over 350 animal viruses have been placed in 
eight main groups most of which are divided into sub-sections of closely 
related species. In some cases the name of the group is followed by 
the sufSx ‘'virus” and a descriptive adjective is added. Such Latinised 
names are only applied to a few viruses and as yet they are but little 
used. 

Group I. — ^Pox viruses (about 20 t 5 rpcs) 

(a) Varola-like viruses: 

Poxvirus variolae (smallpox virus) 

Poxvirus officinatis (vaccinia virus) 

Poxvirus bovis (cow-pox virus) 

Poxvirus muris (ectromelia virus) 

Poxvirus ofnicuK (rabbit-pox vims) 

Poxvirus sinsiae (monkey-pox virus) 
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(b) Pox viruses affecting ungulates: 

Contagious pustular dermatitis (orf) 

Papular stomatis (bovine) 

Horse pox Swine pox 

Goat pox Camel pox 

Sheep pox 

(c) Avian pox viruses: 

Poxvirus avium (fowl-pox virus) 

Pigeon-pox virus 
Canary-pox virus 

{d) Myxoma-like viruses: 

Rabbit myxoma virus Rabbit fibroma virus 

{e) Miscellaneous: 

Molluscum contagiosum virus 
Para-vaccinia virus (? milkers nodes) 

Group 2. — Myxoviruses (about 20 types) 

{a) True influenza viruses: 

Myxovirus influenzae A 
Myxovirus influenzae B 
Myxovirus influenza C 
Myxovirus pestis galli (fowl plague) 

Influenza virus A porci (swine influenza) 

Influenza virus A equi (horse influenza) 

Influenza virus A anatis (duck influenza) 

{b) Paramyxoviruses (multiform viruses): 

Myxovirus parotidis (mumps virus) 

Myxovirus multiforme (Newcastle virus) 

Myxovirus para-influenzae 1 (sendai virus) 

Myxovirus para-influenzae 2 (croup associated virus) 
Myxovirus para^influenzae 3 (haemadsorption virus) 
Myxovirus par a-influenzae 4 
Simian m3rxovirus (SV5), 

(r) Measles virus: 

Canine distemper virus 
Rinderpest virus 

(d) Avian tumour viruses: 

The vimses of fowl lymphomatosis, myeloblastosis, erythro- 
blastosis, sarcomata and osteopetrosis 

Group 3.— Herpesviruses (about 35 types) 

(a) ^rpesvinis hominum (herpes simplex virus) 

Herpesvims varicellae (varicelk and zoster) 

Herpesvirus suis (pseudo-rabies virus) 

Herpesvirus simiae (virus B) 

Herpesvirus cunicuU (virus III) 
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(6) Cytomegalovirases: 

Inclusion or salivary virus of man 
Inclusion virus of guinea-pigs 

(c) Avian viruses: 

Infectious laryngotracheitis (ILT) 

(d) Miscellaneous: 

Lumpy skin disease virus 
Infectious bovine rhino-tracheitis virus 

Group 4. — ^Adenoviruses (about 145 types) 

Human adenoviruses (at least 28 serotypes) 

Simian adenoviruses (at least 11 serotypes) 

Canine hepatitis virus 
Fowl strain (GAL) 

Mouse strain 

Group 5. — Reoviruses 

Human respiratory disease viruses (three serotypes) 

Group 6. — ^Arborviruses (about 150 types) 

(a) Group A: 

Equine encephalomyelitis viruses (Eastern, Western and 
Venezuelan) 

Semliki Forest virus 
Chikungunya virus 
Sindbis virus 

and eight other named viruses 

(b) Group B: 

Yellow fever virus 
Dengue (several serotypes) viruses 
St. I^uis encephalitis virus 
Japanese B encephalitis virus 
Murray valley fever virus 
Louping ill virus 

Russian tickbome encephalitis virus 
Kyasanur Forest Disease virus 
and at least 17 other named viruses 

(e) Group C: 

Marituba virus and five others all from the Amazon 

(d) Bunyamwera group and seven other viruses 

(e) Culicoides-bome viruses: 

African horse sickness viruses (seven or more serotypes) 

Blue tongue viruses (11 serotypes) 

if) Small groups. 25 viruses fall into 9 groups and 13 odiets show 
no <dose relationship to any other arbor viruses {e.g, the two 
serotypes oi the sandfly fever virus) 
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Group 7. — Picoma viruses {pico indicates very small and RNA the 
type of nucleic acid). About 100 types. 

These viruses include the large group formerly known as entero- 
viruses 

{a) Poliovirus hominis (three serotypes) 

(i) Poliovirus muris (mouse encephalomyelitis virus Theiler) 

(c) Coxsackie A viruses. 24 serotypes 
(6) Coxsackie B viruses. Six serotypes 
(e) ECHO viruses. 30 serotypes 

(/) Enteroviruses of 

cattle (ECBO) (at least 3 serotypes) 
swine (ECSO) (at least 5 serot^es) 
cats (ECCO) 

birds (ECAO) (several serotypes) 

(g) JH, 2060 (ECHO 28) cold viruses 
(A) Rhinoviruses 

(i) Teschen disease virus 

(j) Foot and mouth disease virus (five serotypes) 

(k) Encephalomyocarditis viruses 

EMC, COL SK, MENGO and other strains 
(/) Encephalomyelitis viruses of mice 
F.A. and G.D. VII strains 

Group 8. — Papova viruses 

This group contains the papilloma and polyoma viruses and a 
vacuolating agent of monkeys (Hence PA-PO~ VA) 

Papilloma (warts) in man 

Rabbit papilloma virus 

Papilloma viruses of cattle, goats, horses, dogs and other animals 

Vacuolating agent of monkeys (SV 40) 

Unclassified Viruses , — There exist a considerable number of viruses 
that as yet cannot be placed in the main groups. In particular the 
rabies virus seems to stand alone and the virus of benign l 5 rmphoc)rtic 
chorio-meningitis is difficult to place although it may be close to the 
viruses of hepatitis and pneumonia of mice. There is insufficient 
information available to place the viruses of human infectious hepatitis 
and homologous serum jaundice in any group although it may transpire 
that they belong to the picorna viruses. Similarly the respiratory 
syncytial vims lus not been studied sufficiently to decide whether on 
^count of its size and ether sensitivity it should be classified as a 
herpes virus or a myxovirus. 

For further information on animal viruses and their relationships 
to one another the reader should consult Andrewes (1964b). 




CHAPTER 6 

BACTERIAL GENETICS AND VARIATION 

Like other organisms, bacteria in general breed true and maintain their 
characters constant from generation to generation, yet at the same time 
show variations of particular characters in a small proportion of their 
progeny. Because of the great rapidity of bacterial reproduction, such 
variations are frequently encountered in the laboratory, even during 
relatively short periods of cultivation. ^ ; 

The characters that a bacterium exhibits at a given time (i.e. its 
phenotype) are determined both by its genetic constitution (geno^^e) 
and by environmental conditions which influence the contempcrory 
expression of the genetic potentialities. The observed characters of a 
pure growth are thus liable to two kinds of variation: (1) heritable 
variation due to change in genetic constitution, e.g. by mutation, trahs- 
duction, lysogenic conversion, transfer of an episome, or genetic re- 
combination through cell conjugation, and (2) non-heritabk variation 
due to change in the enviromnental conditions, i.e. environmentally 
impressed modifications and enzymic inductions and repressions. 

Bacteria reproduce by asexud binary fission, normally maintaining 
their genetic constitution unaltered through successive generations. 
The hereditary cell components that determine the inherited characters, 
are called “genes”; they are thought to correspond to specific segments 
of a deox 3 nribonucleic acid (DNA) molecule in the bacterial nucleus. 
The bacterial cell contains a large number of different genes, probably 
over 1000. Each gene is capable of ensuring its own replication and 
also of directing the formation of a particular substance or enzyme which 
is responsible for some of the inherited characters. Duplication of the 
genes must precede cell division, and there must be a mechanism for 
ensuring that each daughter cell receives a complete and identical set. 
In the higher organisms, the genes are borne in fixed linear order along 
the thread-like chromosomes in the nucleus, and during mitotic cell 
division the latter are split longitudinally and segregated in two equal 
sets. Bacteria must have a comparable mechanism and this probably 
comprises a single linear or ring-like chromosome located in their 
DNA-containing nuclear bodies. 

Mutation. — Replication of the cell’s set of genes is usually an 
exact process. However, in a small proportion of cell divisions a 
mutation may occur, a gene accidentally being lost or altered. The 
mutant cell and its progeny then continue to reproduce with ffte new 
genetic constitution; correspondingly, they exhibit a sudden change 
of ch^acter which is heritable and, apart from the possibility of an 
occasio^l reverse mutation, permanent. Bacteria are thought to be 
haploid , i.e. possessing only a single set of genes; the effect of s 
mutated gene is thus not masked by that of an umnutated partner, as 
may occur in the higher, diploid organisms. 

Spontaneous Mutattons of unknovm cause seem to be responsible 
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for most of the heritable variations observed in bacteria. Any gene is 
liable to undergo spontaneous mutation. The mutation rate of a given 
kind of gene in a given organism is fairly constant, but different genes 
show different rates, mosffy between once per 10* and once per 10^® 
cells per generation. One large bacterial colony of about 10* cells, the 
product of a similar number of cell divisions, is thus liable to contain 
thousands of mutant cells of different kinds, including many cells 
changed in the more readily mutating genes and a few changed in the 
less readily mutating. 

The mutations l^t have been studied most thoroughly are ones in 
which the microorganism loses or gains the ability to synthesise an 
essential metabolite, e.g. a particular amino acid, and thus also the 
ability to grow in the absence of a supply of that substance as a nutrient 
component of the culture medium. Many organisms, e.g. Esck. coU, 
can grow on a simple defined culture medium that contains glucose as 
the sole source of carbon and energy, ammonium chloride as the sole 
source of nitrogen, and certain inorganic salts. They have this ability 
because they are genetically endowed with the power of forming aU 
the different en2)rme8 that are needed to enable them synthesise from 
these simple nutrients each of the large variety of organic compounds 
required for the construction and functionii^ of their cells. Such 
organisms are termed prototrophic. Occasionally, prototrophic organ- 
isms undergo mutation to auxotrophic forms; these can grow on the 
simple medium only if this is supplemented with a particular nutrient 
compound, e.g. a particular amino acid or vitamin. The specific 
nutritional requirement reflects the fact that the organism has lost the 
power of formii^ either the enzyme immediately responsible for 
synthesis of the required compound or else an enzyme responsible for 
s3mthesis of a precursor of the compound. Studies of mutations of this 
kind, e.g. those of Beadle and Tatum (Beadle 1945) with the fimgus 
Neurospora crassa, have indicated that the formation of each specific 
enzyme is determined by the action of a different specific gene ; this is the 
“one-enzyme, one-gene” h}^othe8i8. A mutation destroying or restoring 
the activity of a particular gene exerts its specific effect on the phenot3rpic 
properties of the organism through the consequential loss or gain to the 
organism of the power of producing the corresponding enzyme. 

Other commonly observed mutations indude: (1) variaticm in 
fermentative ability, involving loss or gain of the power to ferm^t a 
given substrate (e.g. as occurs in the “late” fermentation of lactose by 
Esch. eoti mutabtUs and Sh. somtei after 2-8 days’ incubation in a lactose- 
containii^ medium); (2) drug resistance variation, i.e. the acquisition 
of increased resistance to the antibacterial action of sulphonamide, 
penicillin, streptomycin or trther drug; (3) loss of the ciq>acity to form 
capsules, usui^y with associated loss of virulence, antigenic type 
spedfidty and mucoid colony character {e.g. in Diphcoccus pneiMtonm); 
(4) loss of the capacity to form the O somatic antigoi, with associate 
loss of virulence, type spedfidty and smooth cokmy texture {e.g. w 
in the smodA-fo-rough, or S-R, variation in salmonellae; (5) losa df 
the oqiadty to form fligella with associated lou of nmtility (e.g. in 
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salmofiellae); (6) exaltation or attenuation of virulence (e,g. as in the 
origin of attenuated living vaccines); (7) loss of sensitivity to a partiailar 
bacteriophage or colicine; and (8) acquisition of resistance to toxk 
waste products accumulating in artificial cultures {e.g. the variation of 
Br. abortus to R-type cells having an increased resistance to the in- 
hibitory metabolite, D-alanine, which accumulates in cultures with 
DL-asparagine as nitrogen source). Many character changes result in 
an associated change of colonial morphology, as in size, pigmentation 
and texture. Mutants arising in a growing colony may therefore form 
visibly distinctive sectors or papillae in the colony. 

Plme Variation . — Some heritable variations are readily reversible 
and occur with relatively high frequency in either direction \e.g. once 
per 1000 cell divisions). The variation of certain Gram-negative 
between a fimbriate and a non-fimbriate phase, and the phas^ariation 
of flagellar antigens in Salmonella are of this kind. It has been suggested 
that their mechanism differs from that of true gene mutation. \ 

Induced Mutations and Mutagenic Agents . — The rate of almW any 
mutation may be increased greatly, e.g. 10-100,000 fold, by exposure 
of the resting or dividing cells to X-rays, ultraviolet radiation, nitrogen 
mustard, peroxides, acriflavine, nitrous oxide, ethyl methane sulphonate, 
manganous chloride and certain other substances. The induced muta- 


tions are undirected, the nature of the new character not being deter- 
mined by the nature of the mutagenic agent. 

Environmental Selection of Mutants.— The rate of most muta- 
tions is so low that the small proportion of mutant cells originating in 
a culture usually remains undetected and does not alter the gross 
characters of the culture. Indeed, most kinds of mutation are harmful 
or lethal, and these cells die out. Only those mutants are detected 
whose altered genetic constitution fits them better than the parent 
strain for growth and survival under the concurrent cultural conditions. 
Such mutante increase in number relative to the parent-type cells until 
they predominate in the culture and so make the new character manifest. 
In nature, mutation and environmental selection have probably been 
the nain means effecting the evolution and differentiation of bacterial 
varieties specially adapted to life in the different habitats. 

Many conditions may be selective for a mutant. (1) A given culture 
memum favours those mutants that can utilise its constituents more 
rapidly or completely than the parent- type cells. When they originate 
m a growmg colony, such mutants may form distinctive “secim^ry 
colomes , or papillae”, due to their greater growth (e.g. the lactose- 
ermenting mutants of Esck. coU nuttc^ilis and Sh. sonstei on a lactose 
medium). A mutant that has gained the ability to synthesise for itself 
an nsential growth factor is selected absolutely by cultivation in a 
s^metic medium that lacks that factor and so cannot support growth 

^ lethal or growth-inhibiting condition 
18 mghly selective for mutants having increased resistance to that 
f present of an antibiotic, bacteriophage or toxic 
i m.uboI«m. Thu^ cultivation on mSricn. opr 
g cptomycm will give a growth of atreptomycin^reaiatsutt 
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mutants without growth of the sensitive parent-type cells. (3) Repeated 
passage of a pathogenic bacterium through animals of a given species is 
selective for mutants that have an increased ability to survive and 
multiply in this species, and thus are exalted in virulence* Repeated 
passage in another species is selective of mutants that are better fitted 
for survival and growth in this second species, and thus are often 
attenuated in virulence for the former host species. 

(4) When a bacterium is cultivated in the laboratory, the nutritional 
and other conditions of growth are likely to be very different from 
those of the natural habitat to which it is specifically a^pted. For this 
reason, in a culture, mutations can commonly occur that give rise to 
mutant organisms better suited for growth under the conditions of the 
artificial culture than the parent, “wild-type** organism. On continued 
subcultivation such mutants are liable to outgrow and replace the parent 
form. For example, pathogenic bacteria manufacture substances such 
as capsules, aggressins and toxins, that enable them to survive and 
overcome the action of the body*8 defence mechanisms, e.g. phago- 
C 3 rtosis. In artificial culture media they are not exposed to these defence 
mechanisms, so that mutants lacking the ability to form the aggressive 
substance are not at a disadvantage and indeed may benefit from being 
relieved of the nutritional burden of synthesising the substance. Thus, 
non-capsulate mutants of pathogens such as the pneumococcus and the 
anthrax bacillus commonly replace the parent capsulate form during 
repeated subcultivation in the laboratory. (It should be noted that in 
addition to being capable of undergoing this mutation to a heritably 
non-capsulate form, the anthrax bacillus is also capable of undergoing 
an environmentally induced non-heritable change to a form without 
capsules; it does this when grown on medium devoid of serum or 
added bicarbonate, and the bacilli form capsules again when returned 
to a serum medium.) 

Avoidance of mutations in laboratory work. — ^When a bacterial strain 
is being maintained in the laboratory for reference or other purposes 
for which its properties must be kept unchanged, attention should be 
paid to avoiding the emergence and outgrowth of mutants. (1) This 
is best done by freeze-drying a pure culture obtained as soon as 
possible after the first isolation of the strain. The organism is pre- 
served in a dormant state in vacuo and thus kept in its original genetic 
form for as long a time as required. (2) If moist cultures are to be 
kept, they should be grown on a maintenance medium^ e.g. Dorset’s egg 
for enterobacteria and cooked meat broth for sporing Anaerobic baciUi. 
This ensures prolonged survival at room or refrigerator temperature, 
e.g. for several years, and so obviates the need for repeated subculture. 
(3) When repeated subculture cannot be avoided, it should not be done 
by mass subinoculation, which may allow pr<^res8ive multiplicatfon 
of mutants in the successive cultures, but by plating out on each occasion 
and inoculating the subculture from a single tj^ical colony. The 
rationale of this procedure is the assumption that in the course of any 
one subculture the out^owth of mutants will not be anciently 
advanced to make it likely for a colony of a mutant to be pidted* 
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Since environmental selection is normally essential for the detection 
of mutants, it is sometimes suggested that the pertinent environmental 
influence is required to induce the variation or direct its character. 
However, it can be shown that these mutations are undirected and occur 
spontaneously in the absence of the environmental condition that is 
subsequently selective; e.g. streptomycin-resistant mutants originate 
as readily in the absence of streptomycin as in its presence, although 
they only emerge as dominant in the latter case. 

Other Mechanisms of Heritable Variation. — Less common 
Tpftcbaniams are transformation by free DNA, transduction by bacterio- 
phage, lysogenic conversion, episome transfer, and recombination by 
cell conjugation. In these cases, a directed change is produced in the 
genotype of a susceptible strain through receipt of genetic material 
derived from a donor strain possessing the character to be acquired. 
So far, each of the mechanisms has been demonstrated in only a few 
kinds of bacteria and the extent to which each is important ^ the 
production of variations in natural environments is unknown. ' 

Transformation by free DNA. — Free soluble deoxyribonucleic acid 
derived from a suitable donor strain has been found capable of trans- 
forming the nature of the capsular antigen, the degree of drug-sensi- 
tivity and other characters in strains of D. pneumoniae, H. influenzae, 
B. siibtilis and other species. The DNA acts as a gene, or collection of 
genes, and enters the recipient bacterium, becoming by recombination 
incorporated in its nucleus and thereafter reproducing in step with cell 
multiplication. In the type transformation of the pneumococcus, cells of 
one antigenic type, e.g. t^e 2, are changed into another antigenic type, 
e.g. type 3 or 6. Capsulate, or “S”-fonn cells of type 2 are first allowed 
to undergo spontaneous mutation to a non-capsulate “R”-form that 
lacks type specificity and does not revert spontaneously to the S-form. 
A small proportion of the R cells are then transformed to S cells of a 
chown type {e.g. type 3 or 6) by mixture with the transforming substance 
derived from donor S cells of that type. The latter is supplied as heat- 
killed S cells, cell-free extracts of the S culture, or purified DNA 
obtained from the S cells. The few cells transformed to encapsulation 
are detected either by selective culture of the DNA/R-cell mixture in 
broth with anti-R antibody or by inoculation of the mixture sub- 
cutmeously into mice, where the R cells are destroyed by phagocytosis 
while the S cells multiply and produce septicaemia. 

Phage-mediated Transduction. — ^This is a heritable change effected 
through the agency of a temperate bacteriophage. The transducing 
gene, or group of genes, is derived from a donor bacterial culture that 
eimer is lysogenic {i.e. carrying phage) or else has been infected with 
ph^e; It leaves Ae donor bacterium in a liberated phage particle that 
Im acddentafly incorporated it, and enters the recipient bacterium 
when this is infected by the phage. The recipient cell may by recom- 
bmation exchwge the transduced gene for its own corresponduig gene, 
eliminating the latter. Single antigenic, nutritional, fermentative or 
drug-reswtanOT pri^rties may thus be transduced between different 
satmonellae (e.g. S. typhi may acquire the flagellar antigen of 
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5. typhanurium), Shigella, Escherichia coli, Staphylococcus ameus wad 
other organisms. Usually only a very small proportion {e.g. 1 in 10*) of 
the phage-treated cells acquire any particular character by transduc^on 
and only a very small proportion {e.g. 1 in 10*) of the phage particles 
derived from the donor bacteria carry a transducing gene and are able 
to transmit the character. 

The type of transduction just described, and the commonest type, 
is called generalised, or non-specific transduction, because any of a ■mde 
variety of characters may be transmitted by a particular phage. A 
different kind of transduction, termed limited or specific transductim is 
produced by the l am bda (A) phage of Escherichia coli strain K12. The 
A phage is incapable of transducing any genetic character of the donor 
bacterium other than that of the power of fermenting gakctose. When 
in its prophage state the A phage is attached to the bacterial chromosome 
adjacent to the genetic loci controlling galactose fermentation, and when 
the lysogenic donor bacteria are induced, as by ultraviolet irradiation, 
to form and liberate infectious phage particles, a small proportion 
(r. 1 in 10*) of these particles incorporate a fragment of bacterial 
chromosome containing the galactose loci in exchange for part (c. a 
quarter) of the phage genetic material. 

Lysogenic Conversion. — A temperate bacteriophage may confer 
certain properties on its bacterial host by virtue of the presence md 
activity of its ovra {i.e. phage) genetic material. When a susceptible 
bacterial culture is infected widi the phage, the new properties are 
acquired by every bacterial cell that becomes lysogenised, i.e. contr^ 
stable heritable phage infection. They are retained by Ac bacterium 
and all its progeny for as long as Aese remain lysogenic, i,e, parasitised 
by Ae phage in Ae prophage state. The prophage reproduces in 
association wiA Ae bacterial chromosome and acts as if it were a group 
of bacterial genes. If Ae prophage is lost from the bacterium {e.g, by 
mutation) and Ae lysogenic state is Aus ended, Ae acquired properties 
are also lost. 

When a bacterium becomes lysogenised it nor^ly acquires two 
new heritable properties: (1) an immunity to l 5 ^ic infection by tbe 
corresponding infectious phage, and (2) Ae^ potentiality of givi^ r^ 
to infectious phage when it is induced artificially or spontaneously. In 
addition to these properties, special properties are co^ew^ by «iton 
kinds of phages. Thus a non-virulent strain of the AphAena bacillus 
may acquire toxigenicity, i.e. Ae power of producing the toidn ^jwns- 
ible for virulence, by infection and lysogenisation wiA Ac p ph^ 
derived from a virulent strain. Again, some salmonella o^nisms are 
converted by lysogeny with certain phages to produce a different tod 
of surface antigen: e.g. salmonellae having Ae 0 antigens 3, 10 ptoduw 
instead the O antigens 3, 15 when Aey are lysogeni^ jim phage el5, 
and Ae O antigen 34 when furAcr lysogenised wiA ptage e34; 
similarly, salmonellae wiA O antigens 2, 12, or 4, 5, l^or 9, 12 produce 
additionally Ae O antigen 1 virhen lysogenised wi A pha^ i. 

|w CeU Conjugatten.— A form <rf g^ leam- 
hination membling in some respects that of sexual reproductw® has 
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been found to occur rarely in certain strains of some bacterial species, 
e.g. Esch. colt. It requires contact and conjugation between living 
parent cells of suitable mating types, at least one of which must possess 
a fertility factor, e.g. the F factor (see below). The recombination 
cannot be induced in one parent by cell-free extracts of the other. 
Apparently, the donor cell (either F+ or Hfr, see below) and the 
recipient cell (commonly F— ) become attached to one another, and 
part of the chromosome of the former is transferred into the latter. 
Chromosomal cross-over may then occur in the diploid or partly diploid 
zygote and a process of segregation finally yields a haploid daughter 
cell with a genetic constitution derived partly from each parent. Re- 
combination by cell conjugation has also been observed between Esch. 
colt organisms as donors and salmonella and shigella organisms as 
recipients. 

Transfer of Episomes. — An episome is a genetic element that 
determines the possession of a dispensable property in bacteria and that 
is additional to, and can be reproduced and transmitted independently 
of the genetic material of the bacterial chromosome. A bacterium may 
lose the episome irreversibly by mutation and may acquire it only by 
conjugation or transduction from another bacterium that already har- 
bours it. The episome may occur in one or other of, and alternate 
between two states: (1) an autonomous state, in which it is located in 
the cytoplasm of the bacterium and replicates independently of the 
chromosome, and (2) an integrated state, in which it is located bn the 
chromosome and is reproduced only pari passu with the chromosome. 
Examples of episomes are the fertility factor, F, of Esch. colt, colicino- 
genic factors and, probably, resistance transfer factors. 

The fertility factor, F, confers on Esch. coli organisms the property 
of “maleness”, or donor ability in conjugation (see above). Cells 
designated F + carry the F factor in the autonomous form. They have 
the power of conjugating readily and frequently with F — cells, i.e. cells 
lacking the F factor, and can within a short time convert a majority of 
them to the F + state by “infecting” them with the F factor. F + donor 
cultures, although giving a high frequency of conjugation with F- 
cultures, give rise to only a very small proportion of genetic recom- 
binants, e.g. 1 in 10*. 

Cells designated Hfr (“high frequency of recombination”) carry the 
F factor in the integrated form, i.e. attached to the chromosome. They 
not only conju^te with F— cells at high frequency, but also produce 
genetic recombinants at high frequency, e.g. 1 in 100 cells. Th^ differ 
from F+ cells in being unable to transmit the F factor by infection 
into F— conjugant cells. F + cells occasionally mutate to the Hfr form 
and Hfr cells to the F-f form. 

Colianogerdc factors are the genetic elements that confer on entero- 
bacteria the power of producing the protein antibiotic substances called 
colicines. L^e the F factor, some colicinogenic factors spread readily 
by infection” in the courw of cell conjugation, i,e. from colicinc^enic 
(col+) ^cteria to non-colicinogenic (col — ) bacteria. In salmonellae, 
cell conjugation is promoted by the presence of certain colicinogenic 
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factors in one of two organisms in a mixture, and this may lea4 to 
chromosome transfer and genetic recombination. 

Resistance transfer factors . — ^The power of resisting the anti- 
bacterial action of antibiotic drugs has in a few cases been shown to be 
transmissible by infection through cell contact between different strains 
of Shigella flexneri. Salmonella typhimurium and Esdi. coti. The genes, 
or resistance factors, that confer resistance to the different drugs, are 
carried together on an element called the resistance transfer factor; 
this behaves like an episome and is passed from resistant to sensitive 
cells within a very short time {e.g. within a few minutes) of cell contact. 

Non-Heritable Variation. — The influence of environmental condi- 
tions may directly modify morphologic, metabolic and other properties 
without involving a change of genetic constitution. Such modifications 
of phenot 5 rpe are temporary and non-heritable. All the exposed cells 
of identical genotype and responsive physiological state are affected 
simultaneously. They maintain their altered character as long as they 
are exposed to the inducing condition, but on withdrawal of this influence 
rapidly revert to their original state, e.g. within a few hours or within 
1-10 generations of growth. Examples of such environmentally im- 
pressed modifications include: (1) the suppression of flagellation and 
motility in Salmonella during cultivation on agar containing 0*1 per cent, 
phenol; (2) the development of pleomorphic involution cells during 
growth in unfavourable conditions, e.g. in P. pestis cultures on medium 
containing 3 per cent, of sodium chloride; (3) the increased formation 
of capsular polysaccharide during growth on media with a relative 
excess of utilisable carbohydrate (e.g. in Klebsiella)', and (4) the failure 
of capsule formation in B. anthracis when cultures are grown in the 
absence of serum or bicarbonate. 

Enzymic inductions are a special form of non-heritable variation, and 
a common and important mechanism enabling bacteria to exploit fully 
the different nutrients that they successively encounter. Many 
enzymes, termed “inducible” or “adaptive”, are formed in significant 
amount only when growth takes place in the presence of their specific 
substrate, which thus acts as their inducer. The enzymic activi^ is 
not exhibited by a washed suspension of non-growing bacteria ts^n 
from a medium lacking this substrate. When such unadapted cells are 
grown in the presence of the substrate, they produce the enzyme after 
a brief interval, e.g. beginning its production in less than 1 min. 
Examples of inducible enzymes include those fermenting various 
carbohydrates in Esch. coU and other species; the enzjmes, or permeases, 
responsible for the uptake of specific nutrients, including carbohydrates, 
from the environment; and penicillinase in B. cereus. Evidence 
obtained in the study of the inducible jS-galactosidase of Esch. co& 
suggests that ^e enzyme’s substrate and inducer (e.g. lactose) exerts 
its effect by interfering with a normally present r^resaor sub^ance that 
otherwise acts on ^e genetic material of the l^erium, preventing 
synthesis of the enzyme. 

Enssym -The amount of the formation of enigno^ 

engaged in die synthesis of intermediate metabolites, such m amino 
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acids, is regulated by the mechanism of repression. When a sufficiency 
of the metabolite accumulates within the cell, whether as a result of its 
synthesis intracellularly or of its uptake as a nutrient from ffie environ- 
ment, the metabolite represses the further manufacture of the enzymes 
specifically responsible for its synthesis. The mechanisms of induction 
and repression ensure that the bacterium does not waste energy and 
nutrients in producing unnecessary enzymes. 

Drug Resistance Variation 

Variations conferring on bacteria an increased resistaiKe to the 
action of chemotherapeutic and antibiotic drugs are of great importance 
in medicine because they may lead to failure in the drug merapy of 
infections. Failure of therapy may, however, be due to a Wiety of 
causes, e.g. (1) incorrect identification of the causative pathpgen, (2) 
failure of the antibiotic to penetrate in adequate amounts 'mto the 
lesion, (3) protection of a dnig-sensitive pathogen, e.g. a p^cillin- 
sensitive Strept. pyogenes, as a result of simultaneous infection with a 
drug-destroying bacterium, e.g. a penicillinase-producing Staph, aureus, 
and (4) secondary infection from an exogenous or endogenous source 
with a different, drug-resistant organism, e.g. Staph, aureus or Ps. 
pyocyanea from the hospital environment, or commensal Candida 
aBncans from the intestine. Most commonly, however, failure is due 
to (5) the emergence, during treatment, of a drug-resistant variaht of the 
originally sensitive, infecting organism, or (6) primary infection with a 
drug-resistant variety of a species of organism that is generally suscep- 
tible to the drug used. 

Occurrence of Drug Resistance Variation in Bacteria in 
Patients under Treatment. — Drug-resistance variation, generally by 
spontaneous genetic mutation, may take place in a dmg-sensitive 
bacterium while it is growing in the body of the patient before or during 
treatment with the drug. This occurs commonly, for example, in 
tubercle bacilli during therapy with streptomycin, isoniazid or para- 
aminosalicylic acid and in almost any kind of bacterium during therapy 
with streptomycin, and it sometimes occurs in Staph, aureus during 
therapy with eiythromycin or novobiocin. After a favourable initial 
response to the drug, associated with destruction of the sensitive parent- 
t 3 rpe orgasms, the infection relapses due to the proliferation of the 
drug-resistant mutant cells. The number of viable organis ms in the 
lesion and exudate {e.g. sputum or urine) thus shows a “fall and rise" 
fluctuation. Evidence from a variety of genetical experiments suggests 
strongly that the majority of such instances of drug-resistance variation 
are^ due to spontaneous gene nuttation. As a rule, a mutation confers 
resistance to a single drug only, and a bacterium tLit becomes resistant 
to one drug remains sensitive to other uiu’elated drugs. Only a very 
small number of resistant mutant cells are originally produced, s-g- 
1 per 10®-10* parent-type cells, but these mutants multiply selectively 
in the presence of the drug and soon outnumber and replace th* 
parent-type cells which are being destroyed by llie drug. 
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In some kinds of infection the emergence of drug-resistant mutants 
lay be prevented by doid>le-drug therapy, i.e. treatment with two differ- 
tit drugs given simultaneously. Thus, the treatment of pulmonary 
iberculosis with streptomycin and isoniazid in combination has been 
[most uniformly successful in cases of the disease in which the infecting 
acilli were initially fully sensitive to both drugs. The apparent reason 
jt the success of double-drug therapy is that resistance to each drug 
squires mutation in a different gene and the chances of these two 
lutations occurring simultaneously in the same bacterial cell are 
ifinitesimally small. (In general, the probability of a double mutation 
i equal to the product of the individual mutation rates of the two 
enes.) In tubercle bacilli, mutants resistant to streptomycin arise at 
he rate of about 1 per 10* parent-type cells and mutants to isoniazid 
t about the same rate. Such mutant cells, with resistance to a single 
ingle drug, are therefore likely to be already present before the start 
f therapy in all patients with clinical tuberculosis, except those, e.g. 
hildren with early primary infection or patients with tuberculous 
neningitis, in whom the total population of tubercle bacilh is very 
mall. The single-resistance mutants are likely all to be killed if the 
»atient is given the two drugs simultaneously, the streptomycin- 
esistant celU being killed by the isoniazid and the isoniazid-resistant 
ells by the streptomycin. Cells resistant to both streptomycin and 
soniazid could be expected to arise only by the simultaneous occurrence 
)f the two different mutations and thus at the rate of only about 1 per 
[0‘* parent-type cells. Since the total bacterial population of the 
esions of a patient is probably usually less than 10“ it is very unlikely 
or even a single such “double mutant” to appear. 

In cases where a drug-sensitive pathogen is present in a part of the 
3ody, such as the throat or intestine, in which drug-resistant commensal 
}acteria may be present, there is the possibility that it could acquire a 
irug-resistance character by the transfer of genes from one of the latter 
arganisms. Transfer might take place by transformation, transduction 
ar recombination, or by infection with a resistance transfer factor. 
Evidence has been obtained that, in certain cases, pathogenic Sh. 

and S. typMmurium organisms have, while in the intestine of 
brriers, acquired multiple drug resistance by infection with a resistottce 
yansfer factor derived from commensal Esch. coK organisms. 

In the past, claims have been made that drug-resistance variation 
Commonly arises as a physiological adaptation in bacteria, the adaptation 
ping induced by contact with the drug in all the bacterid cells exposed 
0 it. There is, however, no good evidence that adaptation is respoas- 
ble for any instance of resistance variation observed to take place under 
Flinical conditions. In special experiments Bacillus cerem been 
Ihown to acquure resistance to penicillin in vitro by adaptivdy increasnig 
p production of &e penicili^-destroying enzynp, penicUUnase. A 
pef contact with a small concentration of penicillin was fonad to 
-itnulate one strain of B, mens to increase its productiim of penkiMinaee 
pout 300-fold and so to become capable of ^wth in the presffiRce of 

100-fold higher concentration of penicillin dian it was origispUy 
0 
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(Pollock, 1 957). Since induction is achieved within a very short time, e.^ 
several minutes, after first exposure to the drug, bacteria that ca 
acquire resistance in this way will normally not be distinguished frot 
ones that are inherently and originally resistant 

Infection of Patients with Strains already Drug-Resistant- 
The patient may be infected originally, or become infected secondaril 
during the course of drug therapy, with a strain of a pathogenic bac 
terium that is already drug*resistant before being acquired from it 
exogenous source. Such an organism may be a variant diat has recent! 
mutated to resistance in another patient receiving the drug, e.g. as i 
aoss-infection with streptomycin-resistant coliform and tubercle bacill 
or it may be a variety of organism that is inherently resistant and b 
existed in this form since before the time that the drug was first di< 
covered and used, e.g. penicillinase-producing strains of Staph, aureu. 

(Penicillin-sensitive strains of Staph, aureus imdergo mutations i 
vitro that confer on them an increased tolerance of penicillin. Thes 
penicillin-resistant mutants do not form penicillinase. They appear i 
be non-virulent and mutants of this kind do not emerge in vivo or caus 
clinical infections. The “penicillin-resistant” strains of Staph, aura 
that are found in clinical infections are all strains that produce pen: 
cillinase and so destroy penicillin. Apart from the effect of the: 
penicillinase, they have no special power of resisting or tolerating th 
action of penicillin and, indeed, they are sensitive to, and destroyed b 
the “penicillinase-resistant” penicillins such as methicillin wd cloxi 
cillin. Penicillin-sensitive staphylococci have never been found to giv 
rise to mutants of this penicillinase-producing type and the penicillina$( 
producers are therefore considered to be an originally distinct variet 
of the staphylococcus.) 

Primary and secondary infection with already resistant variai 
strains and varieties of pathogenic organisms are especially likely i 
occur in patients in hospital, e.g. in mothers and babies in matemil 
hospitals. The presence together in a hospital of many patients wl 
have lesions capable of harbouring pathogenic organisms and who ai 
subjected to treatment with antibiotic drugs, provides conditions thi 
selectively favour the proliferation and dissemination of virulei 
“hospital strains” of bacteria with multiple resistance to the antibiotii 
in common use. These multi-resistant organisms are distributed 
large numbers into the hospital environment and new patients arc th 
exposed to heavy infection with them. A further source of “hospi 
staphylococci” is provided by the medical, nursing and domestic 
the skin and nostrils of these persons are subject to frequent contami 
tion with traces of spilt antibiotic, some in the form of airborne du 
or aerosol, so that they become selectively favourable to the 
of drug-resistant strains of Staph, aureus (Gould, 1958). 

For general reading on the subject of microbial genetics, the boo 
of Hayes (1962, 1964), Hayes and Clowes (1960) and Jacobs 
Wollman (1962) are recommended. A good discussion on * 0 - 
problems of drug resistance in the treatment of patients in h 
is given by Lowbury (1962). 




CHAPTER 7 


INFECTION AND RESISTANCE TO INFECTION 


Infection is the invasion of the tissues of the body by microorganisms. 
The animal body is continually exposed to contact with numerous 
microorganisms of many different species, including commensals 
which grow on its skin and mucous membranes, and saprophytes which 
grow in the soil and elsewhere. The blood and tissue fluids contain 
nutrients sufficient to sustain profuse growth of many of these species. 
However, the normal (non-immunised) body possesses a series of 
defence mechanisms that enable it generally to resist microbial 
invasion of its tissues and give it a natural immunity or innate 
resistance towards most microorganisms. This resistance is a genetic 
endowment of an entire species with respect to a particular agent. 
The immunity is sometimes absolute, so that all individuals are entirely 
resis^t and in other instances relative and varying in degree between 
one individual and another. The native defence mechanisms are of 
tremendous importance to the daily welfare of the body. These 
mechanisms are non-specific in that each is operative against a variety 
of microbe species. They include mechanical barriers to the entry 
and spread of microbes, the antibiotic action of the normal commensal 
flora, nucrobicidal substances present in the body fluids and secretions, 
microbicidal substances liberated from tissue cells damaged by the 
infective process, and phagoc 3 rtosis by microphages (polymorpho- 
nuclear leucocytes) and macrophages {e.g. fixed reticulo-endothelial 
cells and wandering monocytes). The defences do not need to be of 
an aggressive natore, that is, the host may simply fail to supply, for 
example, a sufficiently high oxygen tension in a particular organ or an 
essential nutrient for a bacterium or an enzyme system required by a 
particular virus. 


Pathogenic microbes are specially adapted and endowed with 
mechMisms for overcoming the normal body defences in one or more 
wumal spMjes, and can thus invade the germ-free tissues and fluids, 
borne pathogens invade only the surface epitheUum, skin or mucous 

5/ spreading through the 
tissues and/or diMeminating by the lymphatic and blood streaiM. In 

microbe can infect an entirely healthy indi- 
vid^, whilst m other cases infection occurs only if the body defence 
‘deranged by some locaUy or systemically debUitating 
T"^dmg, intoxication, chilling, fatigue, malnutrition, 

HiflPaaMi anH f ° ^®“sli*i» etc., and various predisposing 

and functional disorders. Certain organisms that are sapro- 

^ScSdTS ov^,?^ • When an organism 

body defences, the infection usually 
progresses until specific immumty mechanisms become operative, for 
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example that involving the fonnation of humoral antibodies specific 
for the invading micro^ or its poisonous products. 

NORMAL NON-SPECIFIC DEFENCE MECHANISMS 

Mec ha n ic a l Barriers. — ^The skin and mucous membranes are im- 
portant mechanical barriers to the entry of microbes into the tissues. 
The skin is the more resistant barrier because its outer homy layer 
hinders access of the microbes and their toxins to the living epithelial 
cells. Microbes are removed mechanically from the mucous membranes 
of the respiratory, alimentary and urinary tracts ; they are trapped in the 
sticky mucous secretion covering the membrane and this is regularly 
removed by ciliary action or by peristalsis and evacuation. Infection 
often follows a disorder of this function, as in the obstructed urinary 
tract or in a bronchus blocked by excessive mucus. Within the body, 
the spread of microbes may be limited by dense cellular or fibrous 
tissues, or by the gelatinous intercellular cement substance (hyaluronic 
acid) or by a meshwork of fibrin deposited in the infected tissues as 
part of their inflammatory reaction. 

Antagonism of Indigenous Flora. — ^The antibiotic activity of the 
normal commensal flora of the mucous membranes may be important 
in denying access of potentially pathogenic organisms. Thus, the 
salivary streptococci produce substances {e.g. hydrogen peroxide) that 
are lethal to the diphtheria bacillus and the meningococcus. During 
the childbearing period, the commensal Lactobacillus acidophilus 
(Doderlein’s bacillus) ferments glycogen derived from the vaginal 
epithelium and produces a highly acid vaginal secretion which is 
inhibitory to many kinds of bacteria, including streptococci and 
staphylococci. When the normal commensal flora of the intestine, 
particularly the lactobacilli, is eliminated by oral administration of a 
broad-spectrum antibiotic drug, a serious infection may follow due to 
a drug-resistant Staph, aureus or Candida albicans previously excluded 
by the commensals. 

Bactericidal Substances. — It has been known for a long time 
that body fluids, especially the blood, can supress putrefection. The 
responsible factors are even now often only vaguely characterised (see 
Skames & Watson, 1957). Microbicidd substances are normally 
present in the body secretions, tissue fluids and blood serum. Lot^- 
chain fatty acids, e.g. oleic acid, which are present in the slightly add 
(pH 5-6) secretion of the skin, are lethal to many bacteria wit^ an 
Wr or two of their contact with the skin, e.g. Strept. ^ogenes and 
C. diphtheriae', bacteria normally resident on the dcin, e.g. Staph, 
aureus and Staph, albus, are better adapted to withstand the action of 
these acids. Lactenin is a protein present in milk (e.g. human, cow) 
which is selectively bactericidal for Strept. pyogenes and may thus pro- 
tect against puerperal mastitis and neonatal throat infection. The 
'lydrodilork and low pH (e.g. 1-2) of the gastric juice is lethal to a 
^jority-of ingestea microbes and serves as an important protection 
or the intestiiri canal. 
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Lysozyme. — ^This mucol)rtic en 23 nne, first recognised by Fleming 
in 19^, occurs in various animals in the tissue and body fluids except 
the cerebrospinal fluid, aqueous humour, sweat and urine. Human tears 
contain a large amount, and egg white is a rich commercial source of 
the enzyme. This enzyme is a basic protein that splits sugars from the 
mucopeptide component of the bacterial cell wall so that the cell contents 
leak out (Salton, 1957). Lysozyme acts most strongly on certain sapro- 
phjTtic Gram-positive bacteria, e.g. Micrococcus lysodeikticus and B. 
megaterium, though in certain conditions it may affect pathogens such as 
staphylococci and anthrax bacilli, and it accelerates the lysis of Gram- 
negative pathogenic bacteria under the action of antibody and comple- 
ment. The mucous secretions probably contain several other micro- 
bicidal substances besides lysoz 3 nne. 

Basic Polypeptides. — variety of basic proteins, derived fi..... 
tissue and blood cells damaged in Ae course of infection and inflam- 
mation, which can act upon the cell wall and cause bacillary disintegm- 
tion, have been described in the tissues and fluids of animals . This group 
includes polyamine derivatives of tissues called spermine and spermi- 
dine (Hirsch & Dubos, 1952) which kill tubercle bacilli and Staph, aureus, 
and protamine and histone acting as antibacterial agents in inflammatory 
exudates. The basic proteins are probably the active constituent of the 
antibacterial substances derived from leucocytes and thus leukin and 
endolysin described by Metchnikoff probably owe their antibacterial 
activity to basic proteins. It may be noted that a group of highly 
effective antibiotics, including tyrothricin, gramicidin, bacitracin and 
the polymyxins are all polypeptides. 

Preper<^. — The anti-bacterial factors discussed above are in 
general active against Gram-positive bacteria and do not require for 
their activity a heat labile protein complex of serum called complement 
(p. 124). Pillemer and his co-workers in 1954 described a germicidal 
high molecular weight protein constituent of normal serum (0-02 per 
cent, of the total serum proteins) that was active against Gram- 
negative bacteria. This substance, called properdin, is thought not to 
be an antibody although it requires complement and Mg++ ions for its 
activity. Properdin also participates in the destruction of protozoa, 
abnormd red cells and certain viruses. These diverse activities of the 
properdin system and its presence in normal serum suggest that it is 
OTe of the factors responsible for natural resistance (Pillemer, 1956). 
There is however some doubt as to the identity of this substance as a 
smgle entity and some workers suggest that properdin represents a 
^1 °b ^1’ heat-labile, high-molecular-weight gamma 


Anti^^nral SulMtwces. — The nasal secretions and serum of normal 
persons nave the ability to neutralise certain viruses, including those of 
inttuei^ A and B, vaccinia, mumps and Newcastle disease. These 
^tmtiM may be due to the diversion of the viruses from the suscept- 
ible cells (haemagglutination inhibition see p. 74) and also to the effect 
on the virus of properdin and, in some instances, acid and alkaline 
p osphatase enzymes (perhaps because some viral constituent <‘<M tf^*ia l 
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for infectivity is active only in the phosphorylated fonn). The effect 
of interferon, an inhibitory agent released by vims infected ceils is 
described on p. 75. 

The metabolism of the leucocytes and other cells in inflamed tissue can 
ultimately cause a local accumulation of lactic acid and carbon dioxide, 
and a depletion of oxygen, conditions that are unfavourable for the 
growth of bacteria such as the tubercle bacillus and Staph, aureus. 

Phagoc3rtosis. — The phagocytes are “eating cells’* which are 
specialised for the pursuit, capture, ingestion and intracellular destmc- 
tion of invading microbes (phagocytosis). Metchnikoff in 1905 first real- 
ised the importance of these cells in resistance to infective agents. They 
include the polymorphonuclear leucoc]rtes and large mononuclear 
leucocytes of the blood (70 per cent, of the total ^^C, 3500-7000 
cells per cu. mm. in man) and the fixed macrophages of the reticulo- 
endothelial system {e.g. sinusoidal cells of spleen, liver, bone marrow 
and lymph nodes, adventitial cells of blood vessels and histiocytes of 
connective tissue). Polymorph leucoc)rtes and monocytes migrate from 
the blood vessels in inflamed tissues, apparently guided by diffusible 
factors from the irritant or the damaged tissue cells, and accumulate 
to attack the bacteria causing a local infection. The fixed macrophages 
of the reticulo-endothelial system are mainly responsible for eliminating 
bacteria from the blood and lymph. Most microoi^anisms attract 
polymorphonuclear leucoc 5 rtes, as do the products of tissue injury. 
Phagoc 3 rtes can most readily entrap bacteria when they are supported 
on a cellular or fibrous surface {surface phagocytosis); the deposition 
of a fibrin meshwork in inflamed tissue assists ph^ocytosis by pro- 
viding supporting surfaces. When the phagocytes are freely suspended 
in fluid, e.g. oedema fluid, the opsonic activity of antibody and comple- 
ment is generally required to make phagocj^is possible. It should 
be noted that the effect of opsonins (p. 125) seems to be in part related 
to the neutralisation of the strong electro-negative charge on the surface 
of many microorganisms. Thus any protein deposited on an organism 
will assist phagocjrtosis, antibody protein functioning particularly 
efliciently because of its specific affinity for the organism. 

Susceptible bacteria die and disintegrate within an hour or two after 
their ingestion, partly due to the secretion of acid (pH 3-5) in the 
vacuole surroun^ng them and probably also due to the action of 
lysozjnne and other digestive enzymes. Cohn and Hirsch (1960 atcb) 
showed that cytoplasmic granules of polymorphs contained many 
enzymes (acid and alkaline phosphatases, ribonuclease and j3-glucuro- 
nidase) as well as a major part of the antibacterial protein, pk^ocytin, 
present in the polymorphs. The granules of polymorphs spontaneously 
Ijrse following phagocytosis of bacteria, and phagocytin, and other 
enz 3 unes are probably liberated into the vacuoles around the ingested 
bacteria. Phagocytin has an antibacterial effect on a wide rai^ of 
organisms, boA Gram-positive and Gram-negative. 

The. strong bactericidal action cff monoc}rtes (macropht^;es) is still 
unexplained,', since monocytes do not possess significant aimnmts of 
phi^[ocytin or lysozyme. 
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Many pathogenic bacteria are able to survive and multiply inside 
the phagocyte, thus causing its death and lysis, and eventually escape 
from it (e.g. tubercle bacillus, brucellae and salmonellae). For general 
reference to phagocytosis see Rowley (1962) and for resistance mechw- 
isms in general see Symposium on Mechanisms of Non-specific Resist- 
ance to Infection (1960). 


ACQUIRED NON-SPECIFIC DEFENCE MECHANISMS 

The injection of endotoxin (p. 106) derived from Gram-nerative 
bacteria is known to stimulate resistance of the host to infection ^ith a 
wide range of antigenically unrelated microorganisms. A similar teffect 
is also found after the injection of various mycobacteria and brucel 
Numerous studies have shown that there is markedly incre 
phagoc)rtic activity of the reticulo-endothelial system following ^ 
treatment although direct evidence of intensified intracellular midro- 
bicidal activity is lacking. It seems possible that this effect may involve 
both the synergistic effect of multiple humoral factors and cellular 
changes associated with parasitisation of the reticulo-endothelial system. 


THE INVASIVE MECHANISMS OF PATHOGENIC 
BACTERIA 

Bacteria that infect the animal body must have means of over- 
coming their host’s defence mechanisms, of protecting themselves 
against the bactericidal substances in the body fluids and of avoiding 
ingestion or intracellular destruction by phagocytes. Such protection 
is generally afforded by the special nature of their outermost covering, 
i.e. capsule, microcapsule or somatic antigens. If this covering is lost 
by gene mutation or enzymatic digestion, or becomes coated with anti- 
body and complement, the bacterium is rendered non-virulent. Thus, 
virulent pneumococci isolated from infected animals possess poly- 
saccharide capsules that render them relatively resistant to capture 
and ingestion by phagocytes; non-capsulate mutant strains derived 
by artificial culture in the laboratory are susceptible to phagocytosis 
and are non-virulent. Some pathogens, e.g. Strept. pyogenes and 
Staph, aureus, secrete leucocidins, i.e. phagoc)rte-destroying toxins, and 
rome, e.g. S. typhi, produce substances that inhibit the migration of 
leucocytes. The factors that enable certain pathogens such as the 
tubercle bacillus to survive and grow within phaeocytes have' not yet 
been defined. v ^ J 

Whilst some pathogens normally enter the body through a wound, 
others may require mechanisms for breaching the epithelial barriers 
and for assisting spread through the tissues. Thus, some species 
produce toxins that destroy the epithelial cells (e.g. C. dsMmae), 
some produce a “spreading factor” such as hyaluronidase which dis- 
solves the hyaluronic-acid cement substance of tissues (e.g. StrepU 
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pyogenes), and some produce a fibrinolysin which induces solution ctf 
the fibrin clots deposited as barriers to the spread of infection (e.g. 
Strept. pyogenes). Many pathogenic bacteria, especially when growing 
in the tissues, liberate diffusible substances (termed “ag^essins”) which, 
though non-toxic by themselves, increase the a^essiveness of tte 
bacteria. In some cases they may act by interfering with phagocytMis, 
opsonisation or bacteriolysis by normal or immune serum. Various 
non-pathogenic bacteria, however, may possess similar properties, and 
the existence of a specialised substance of this type is doubtful. 

Capsules and Pathogenic!^. — The role of capsules in conferring 
virulence on bacteria by enabling them to resist destruction by the 
phagocytes and bactericidal substances in body fluids is demonstrated 
by making comparative observations on capsulate and non-capsulate 
bacteria derived from the same strain. In this way, evidence has been 
obtained that capsulation is important for virulence in the pneumo- 
coccus, streptococci of groups A and C, anthrax bacillus, plague 
bacillus, Klebsiella pneumoniae and Haemophilus influenzae. 

When a non-capsulate mutant bacterium or a decapsuiated bacterium 
is injected into a laboratory animal that is highly susceptible to infection 
with the capsulate form, the non-capsulate form is found to be non- 
virulent or, at least, much reduced in degree of virulence. For instance, 
in experiments in which group C streptococci were injected intra- 
peritoneally in mice, decapsulation of the cocci by the simultaneous 
injection of hyaluronidase decreased their virulence to the extent that 
their minimum lethal dose (MLD), i.e. the number of cocci that had 
to be injected to cause fatal infection, was c. 10,000-fold greater than 
that of the capsulate organisms. 

Differences in virulence between the capsulate and non-capsulate 
forms of bacteria appear to be due mainly to differences in ability to 
resist capture and ingestion by phagocytes. Microscopical examination 
of smears of peritoneal exudate from infected animals shows that the 
non-capsulate bacteria are rapidly phagocytosed and, within a few 
hours, are mostly destroyed, whereas ^e capsulate bacteria remain 
free and soon multiply and increase largely in number. Similar 
differences in susceptibility to phagoc 3 rto 8 is can be observed in vitro 
when capsulate and non-capsulate bacteria are added to normal blood 
and smears examined after the mixture has been incubated for |-1 hr. 
The removal of the microcapsular M protein from living group A 
streptococci by digestion with trypsin has, for instance, been found to 
increase the susceptibility of the organisms to phagocytosis. 

In these cases the phi^ocytes and bacteria are suspended freely in 
fluid. If, however, they are present on certain kinds of solid surfaces, 
e.g. on the waU of a lung alveolus or lymphatic vessel, or on a mass of 
fibrin, phagocytosis of capsulate organisms such as pneuniococd (of 
types other tli^ the heavily capsulate '^pe 3) may take place fai^ 
readily. This surface phagocytosis occurs independently of the presence 
of specific opsonic anti^dies and normal serum opsonins. Wl^n 
capsulate btfcteria are exposed to specific antibodies and these combine 
with and coat the surface of the capsule, phagocytes can then capture. 
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(p. 119). The mechanisms of action of the exotoxins is with few excep* 
tions unknown. The alpha toxin of Cl. welchii hat been defined as 
a lecithinase, or lecithin^splitting enzyme, which apparently acts on 
the lecithin components in cell membranes, e.g. of red blood 
The toxin of the diphtheria bacillus appears to be the isolated protein 
moiety of the bacterial cytochrome-fc enzyme and may act by interfering 
with synthesis of cytochrome b in the tissues of the host. 

Endotoxins are structural components of the bacterial cdl and are 
liberated only on death and disintegration of the cells. In the infected 
animal this occurs through phagoc^sis and bacteriolysis by anti- 
microbial substances in the body fluids. Endotoxins are not found in 
bacteria-free supernatants of cultures, unless these have undergone 
autolysis through ageing. In several species {e.g. of Salmonella, Shigella, 
Brucella and Neisseria), the endotoxin has been extracted with solvents 
{e.g. diethylene glycol) and identified as a polymolecular lipid-phospho- 
lipid-polysaccharide-protein complex; tliis may comprise 5-10 per 
cent, of the dry weight of the cells and corresponds to the O somatic 
antigen of the virulent “smooth-type” organisms. The toxic action 
may be demonstrated by injecting animals with such a culture extract 
or with killed whole cells. The endotoxins of different species all 
produce more or less similar symptoms, particularly pyrexia, diarrhoea, 
prostration and visceral haemorrhages. They also have important 
actions in the production of hypersensitivity reactions of the Shwartz- 
man type (see Chapter 8). Immunisation with endotoxins leads to the 
formation of antibodies that exert important antibacterial effects, e.g. 
bacteriolysis, but are incapable of neutralising the toxic action. Endo- 
toxins are more stable than exotoxins and can withstand a temperature 
of 100° C. 

In the course of an infective disease the tissues of the body at large 
may become hypersensirive to specific products of the infectir^ organ- 
ism. Such hypersensitiveness, or allergy, may contribute to l£e toxic 
manifestations of the disease, since microbial products that are 
normally non-toxic may thus become highly toxic and irritant to the 
tissues. (See Chapter 8). 


VIRULENCE OF MICROORGANISMS 

Virulence is an important property of microorgamsms in rriation 
to their pathogenic action, and is defined as the capacity to invade the 
tissues, multiply and produce toxic effects. It is estimated by the 
tnimmum lethal dose (MLD), i.e. the smallest dose of the organism 
(number or we^ht of cells firom a culture) that will kill a particular 
species of animal. As a result of the varying suse^tibility of indi- 
vidual animals to lutcteria and their toxins, it is often impossible to state 
the exact minimum dose, and it is customary to r^er to the ooeroge 
lethal dose for a number individual animals (t.e. the LD50, ot dose 
giving a 50 per cent mortality) (see ChaptK 52). It im»t be noted 
that virulence depends on two foctors diat may be hugriy independent 
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OT of Ae or^rVL, Ae tet^us badUus 

^bacterial stmZ caLot be fuUy explained m tenns of known toxuw 
and invasive mechanisms; strains which possess the same known 
components may still vary greatly m virulence. 

The virulence of an organism can be either exalted or attenu- 
ated’* artificially. Exaltation of virulence may be produced by passing 
the strain through a series of individual animals of the same species, 
inoculating the animals one from another in succession, i.e “pMS^ge*\ 
In this way a mutant strain is selected that has increased virulence 
for that particular species. Attenuation usually results when orgaAsms 
are cultivated artificially for some time; thus, stock laboratory cultures 
are usually of low virulence, as compared with recently isolated str^ns. 
Similarly, passage through animals of a different species may select 
mutants having reduced virulence for the original host species. 

In many species a loss of virulence is correlated with a change of 
colony texture from smooth to rough and a corresponding loss of the 
O somatic antigens. This is the so-called S “>R mutation (p. 115). 


SOURCES OF INFECTION FOR MAN 

The epidemiology of an infective disease depends to an important 
extent on the nature and distribution of the sources of infection. The 
term source of infection applies to the normal growth habitats of the 
microbe, e.g. sites in the body of the human or animal host. Objects 
contaminated with live but non-growing microbes may act as, and 
should be called vehicles or reservoirs of infections not sources of in- 
fection. Human disease may be acquired from the following: 

(1) Patients. — Infections due to some microbial species are 
acquired mainly or exclusively from ill humans with active or manifest 
infection, e,g, pulmonary tuberculosis (human-type bacilli), leprosy, 
whooping-cough, syphilis, gonorrhoea, measles, smallpox, mumps and 
influenza. Some cases of the infection may be mild or atypical, and 
thus not recognised as a source of danger. 

(2) Healthy Carriers. — Many pathogenic species are able to 
produce in certain individuals a limited or subclinical infection that 
is insufficient to cause the signs and symptoms of illness. Persons 
having such an inapparent irdection are commonly capable of dis- 
seminating the causative microbes to other persons; they are then 
termed ‘‘carriers” and constitute an unsuspected and thus especially 
dangerous source of infection. Some infectious diseases are con- 
tracted from carriers as frequently or much more frequently than from 
patients, e,g, streptococcal, staphylococcal, pneumococcal and meningo- 
wccal infection^ diphtheria, typhoid fever, bacillary dysentery and 

persons in whom a limited, 
infection continues for a period of weeks, months or occasion- 
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ally years following clinical recovery from a manifest infection. Otl^ 
carriers suffer no more tlian subdinical infection from the time (ff first 
acquiring the pathogen; those who acquire it from a patient arc termed 
contact carriers and those who acquire it from another carrier are termed 
paradoxical carriers. If carriage persists for more tha" an arhitraiy 
period of time, e.g. one year in the case of t)rphoid infection, the person 
is called a chronic carrier. 

(3) Infectto Anim^. — Some pathogens that are primarily 
parasites of a different animal species may in appropriate circumstances 
spread from the infected animd to man and so cause human disease. 
Such infections are called zoonoses. Infections normally acquired from 
animals include bovine-type tuberculosis, salmonella food poisoning, 
bubonic plague, anthrax, brucellosis, leptospiral jaundice, rabies and 
psittacosis. In most such infections there is rarely any secondary 
spread from the patient to other persons; an exception is the man-to- 
man spread of pneumonic plague which may supervene on bubonic 
plague contracted by men from rodents. 

(4) Soil. — few infective diseases of man are caused by saprophytic 
microbes derived from the soil, vegetation and similar habitats, e.g. 
tetanus, gas gangrene, maduromycosis and sporotrichosis. 

(5) Endogenous. — In the above examples, the source of infection 
is described as exogenous, i.e. outwith the body of the person becoming 
infected. In contrast endogenous infection may occur in carriers of 
potentially pathogenic organisms when these previously harmless 
bacteria invade otiier surfaces or tissues in the carrier, e.g. Esch. coU 
derived from the bowel may cause infection in the urinary tract and 
Staph, aureus from the nostrils may cause a boil or infection of a wound. 
The endogenous source of infection is thus the site in the patient’s body 
{e.g. the colon or nostrils) where the organism grows harmlessly as a 
commensal. An infection that is commonly endogenous, as for instance 
staphylococcal sepsis of skin and wounds, may in certain dreumatances 
become transmissible, as in hospital where conditions may favour cross- 
infection between patients. Thus the cross-infected patients suffer 
exogenous infections. Patients with endogenous infections with organ- 
isms of low virulence, on the other hand, are not likely to infect otbns. 

MODES OF SPREAD OF INFECTION 

Some infections, e.g. respiratory and intestinal, can ^read ffom host 
to host by a variety of mechanist, whilst others, e.g. venereal and 
arthropod-borne blood infections, are normally transmitted by a wogle 
mechamsm for which the parasite is specially adapted. 

(1) Requraimy Infections. — camative microbes are mamfy 
disseminated into ^e environment in masses of infected seenstion, e.g. 
secretion removed from the nose or mouth on fingers, lumdkerchi^, 
cups, qwons, etc., or mq>eiled in fitting or blowing die nose; they 
are also ^Mcharged to a less nctmt in die droplet quay produced iy 
sneering, cdiighiqg and speskmg, but hartUy St sR m ncmiud breaduQg. 

HamRcerchiefB, dodtmg, biding, floors, fumitore and housdiield 
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articles (fomtes) become contaminated^th the section and^y act 
as vehicL or riervoirs of infection. I^e secretion dnes ®d b^mes 
pulverised into dust. When dried m dust, m^t kmds of respiratory 
Siicrobes can remain alive for several ^ys, and some even for ^erd 
months if shielded from direct ^yhght, e.g. tubercle and diphtheria 
K ^rilli, streptococci, staphylococci and smallpox virus. Mection may 
therefore be passed to the recipient by contact, either («) dirert conl^, 
i e touching of bodies as in handshaking, kissmg and contact of dot^g, 
or (6) indirect, or mediate contact, involving an inani^te veWde of 
infection e g, eating utensils, door handles, towels, and oXiitt jorintes\ 
the recipient may finally transfer the microbes with his fingersi into 

his nose or mouth. . . . w 1 ■ 

Infection may be dust-bome and occur through inhalation oft air- 
borne infected dust particles. Very large numbers of such parades 
are liberated into the air from the skin and dothing during nomal body 
movements, from the dried parts of an infected handkerchief during 
its use, from bedclothes in bedmaking, from the floor when wdked on 
or swept, and from furniture during dusting. The larger infected 
particles settle within a few minutes on the floor and other exposed 
surfaces, e.g. skin, clothing, wounds, surgical and medical supplies, but 
the smaller infected particles remain air-bome for up to one or pvo 
hours and can be inMed into the recipient’s nose, throat, bronchi or 
Ixmg alveoli. Air-bome infection is mainly a danger wiAin the room 
of its origin; spread to other rooms in the same building is usually 
slight, though it can occur if the ventilating or convectional air currents 
move in the appropriate direction. 

Droplet s^ay constitutes a third means of spread of respiratory 
infection. It is probably the least important, except perhaps in the case 
of the pathogens that are rapidly killed by drying, e.g. Ae meniiigo- 
coccus, whooping-cough bacillus and common cold virus. Sneezing, 
coughing, speaking and other forceful expiratory activities expel a 
spray of droplets derived almost exclusively from the saliva of the 
anterior mouA; this may be infected with small numbers of pathogenic 
microbes from the nose, throat or lun^. Very many droplets are 
expelled, but only a few are infected. The Uirge dbroplets (over 0*1 mm. 
diam.) fly forwards and downwards from the mouth to the distance of a 


few feet; they reach the floor within a few seconds, or bespatter the sur- 
faces of intervening persons and objects, but probably cannot be inhaled 
directly. The mall droplets (under 0-1 mm.) evaporate immediately to 
become minute solid residues, or “droplet-nucki” (mainly 1-10 fi diam.), 
which remain air-bome like infected dust particles and may be inhaled 
into the nose, throat or lungs. It is thought that very few of the 
^oplet-nuclei are likely to be infected with pathogenic microbes, but 
it is possible that certain virus infections are commonly spread by 
droplet-nuclei, e.g. measles, chickenpox and dog distemper. 

(2) Skin, Wound and Bum Infections.— These superficial infec- 
tions may be acquired through contact with infected hands, dothing 
or oth» articles, through exposure to sedimentation of infeded air- 
borne dust and through contamination by droplet ^ray. Pathogenic 
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Streptococci and staphylococci derived from the respiratory tract are 
important causes of wound and bum infections. 

(3) Venereal Infections. — The venereal diseases are so>called 
because they are transmitted almost exclusively by sexual contact. An 
important reason for this limitation is that the causative organisms, 
e.g. Trep. pallidum and N. gonorrhoeae, are extremely susceptible to the 
lethal effects of drying and the other conditions encountered on 
potential vehicles whereby infection might be transmitted less directly. 

(4) Alimentary Tract Infections. — Here, pathogmic microbes 
are d»charged in the faeces of infected persons and are transmitted in 
various ways leading to their ingestion by the recipient. Most intestinal 
pathogens are poorly resistant to drying; they tend to die within a 
period of hours, though rarely may survive on cloth or in dust for 
several days. They are more likely to be spread by moist vehicles 
such as water or foods, in which they may survive for up to several 
weeks (e.g. typhoid, dysentery^and cholera organisms), (a) Water-borne 
infection occurs through excreta contaminating a supply of water, e.g. 
a river or well, which is used, without purScation, for drinking or 
culinary purposes. Purification of water is effected on a large scale by 
storage, fotration and chlorination. Small amounts may be treated by 
boiling or by addition of hypochlorite tablets, (b) Hand Infection . — A 
carrier tends to contaminate his hands with minute traces of faeces and 
with bacteria that pass through toilet paper; nurses may infect their 
hands in attending patients and in touching bed-pans. Such persons may 
handle and contaminate foodstuffs, eating utensils and other vehicles 
of infection. A recipient may pick up the microbes on his fingers and 
thus transfer them into his mouth, (c) Food-borne infection may occur 
through a carrier handling the food, through preparation of the food in 
utensils infected by handling, or washing in infected water, and through 
fiies alighting on the food after feeding on exposed infected faeces. 
Conditions enabling growth of the bacteria and the production of 
enterotoxins in the contaminated food, are prerequisites for “bacterial 
food-poisoning”, though not for “food-borne infection”. 

(5) Arthn^>od4)ome Blood Infectioiu. — In several systemic in- 
fections the causative microbes are abundantly present in the blood and 
are spread to other individuals by blood-sudcmg arthropods such as the 
mosquito (malaria, yellow fever), flea (plague), louse (epidemic typhus 
fever, European relapsing fever), tick (Roi^y Mountain spotted fever. 
West African relapsing fever), mite (scrub typhus) and tsetse fly 
(trypanosomiasis). The parasite is adapted to spread by its paiticuli^ 
ardi^pod vector and is rarely transmitted by other means. 

(6) Laboratory Bifection. — Laboratory workers occasionally be- 
come infected from artificial cultures and from infected du^;no8tic and 
necropsy materials from patients and experimental animals. Some 
organisms are especially luble to cause laboratoiy infections, the 
bruceUae, rickettsiae and Pori, tularensis, whilst many odiers require 
speciid cate, t-g- tubercle bacillus, anthrax bacillus, freshly isolated 
typhoid and dysentery iNudUi, pa^ogenic leptospirae and borrdise, 
and dto psittacosis virus. Espet^ danger attadies to the pipetdng cff 
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infected liquids by mouth, leading to their accidental ingestion; a 
rubber teat or a mouth-piece with two cotton-wool filters should always 
be used for pipetting cultures and exudates. Accidental self-inocula- 
tion with a syringe and spraying of the conjunctiva when the needle 
becomes loosened from Ae syringe during an injection may occur. 
Many laboratory procedures atomise liquid^ and so can contaminate 
the air wiA infected droplet-nuclei, e.g. Ae expulsion of liquid from a 
pipette or syringe, the shaking of liquid in an open vessel, Ae use of 
mechanical blenders, Ae centrifugation of tubes bearing traces of 
liquid on Aeir rim, and Ae breaking of liquid films as when a wetted 
stopper or a screw-cap is removed from a bottle or a drop is separated , 
from an inoculating loop. When working wiA dangerous paAogens!'. 
such as Ae tubercle bacillus, it is recommended that all such pro- 
cedures be carried out within a specially ventilated “protective cabinet” 
or “inoculation hood” (Williams & Lidwell, 1957). 

For further information on Ae spread of infections, particularly of 
respiratory infections, see Williams (1960) and Williams et al. (1960). 



CHAPTER 8 


ACQUIRED IMMUNiry 

In contrast to natural immunity or non-specific resistance discussed in 
Chapter 7, acquired immunity is specific in the sense that it protects 
against one particular pathogen or its toxic products. Acquired im- 
munity may depend on the presence and amount of specific globulin 
molecules or antibody in the blood elicited in response to the stimulus 
of a foreign protein or other large molecular substance which is called 
the antigen-, the antibody to diphtheria toxin is a ^ood example and this 
is known as humoral immunity. Or it may result from an enhanced 
capacity of particular cells or tissues to counteract infection, and this is 
called cellular immunity. Thus in typhoid fever and brucellosis the 
fever may go on for weeks or months despite a high content of humoral 
antibodies, and it is presumably the cellular response that eventually 
overcomes the clinical infection. This latter form of immunity is often 
associated with the state of microbial hypersensitivity (p. 130) as in 
tuberculosis. Immunity may be acquired naturally or artificially-, and 
both forms of immunity may be acquired either actively, i.e. the anti- 
bodies are produced by the host’s tissues, or passively, i.e. the antibodies 
are supplied to the host ready made. Thus, an attack of measles gives 
immunity to further attacks and this is naturally acquired active im- 
munity. Most infants are immune to measles for the first 4-6 months 
of life, due to the placental transfer of antibodies from mother to foetus; 
this is an example of a naturally acquired passive immunity. Troops 
on active service are given two or more injections of tetanus toxoid 
(see p. 332) to protect them against the risk of tetanus; this is artificially 
acquired active immunity. Civilians are often given a dose of tetanus 
antitoxin following injury, and this is an example of artificially acquired 
passive immunity. Passive immunity is rapid in onset and immediate 
if the antiserum is given intravenously, and requiring only a few hours 
to reach adequate levels if given intramuscularly or subcutaneously. 
It has a short duration <rf a few weeks since, being a foreign protein, it 
is eliminated by the body. Active immunity takes time to develop but 
persists for months or years and, once acquired, is usually capable of 
restoration when it has dropped to a low level. 


ANTIGENS: BACTERIAL ANTIGENS 

Antigens are usually defined in relation to their capacity to elicit a 
specific immunological response when they gain access to the tissues 
of some animal species. The response is usually in the shape of the 
production of specific antibodies {q-v.) but in certain instances humoral 
antibody may not be demonstrable. Instead, the antigen, or some 
fra<^on of it, -may. elicit a tissue response as in Ac hypwsensitivity 
reactions in tuberculosis: such an antigen may be called an allergen. 

H 



114 MEDICAL MICROBIOLOGY 

Again, a fraction of a microorganism may not itself be capable of 
eliciting an immunological response in the host but may combine 
specifically with antibody formed to the parent microorganism: the 
name hapten (to grasp) is applied to such substances and the capsular 
polysaccharide of the pneumococcus is often quoted as an example 
of a hapten although, in fact, this material is antigenic for some animal 
species, e.g. man and mouse, but not for others, e.g. rabbit. 

The first requirement for a molecule to be antigenic is that it 
contains surface chemical groupings which are unfamiliar or foreign 
to the antibody-producing cells of its new host. Obviously, many 
potentially antigenic substances are present in the body fluids — ^plasma 
proteins, cellular elements — ^which evoke no antibody response in tl^e 
parent host but do so when they are injected into another animal species 
or even one of the same species as may happen with blood transfusion^^ 
or tissue grafts. The second requirement is that the substance should 
have a molecular weight (MW) of not less than 5,000—10,000 and* 
with certain limitations, the larger the molecule the better the antigen. 
However, certain small molecular chemical substances, such as anti- 
microbial drugs and even formaldehyde, may act as antigens by be- 
coming attached to host proteins and thus creating a large foreign 
molecule. In general, proteins such as the albumins and globulins 
make good antigens and, because of their complex make-up of many 
amino-acids, constitute an almost endless variety of antigenic substances. 
Polysaccharides are less efficient antigens and greater molecular weight 
is needed than in the case of proteins. However, they persist longer 
in the tissues because they are less readily digested by enzymes and 
this helps to maintain the antigenic stimulus for longer periods. This 
prolonged effect may also be obtained by the use of antigen adjuvants 
such as alum or water-in-oil emulsions (a modification of the Freund 
complete adjuvant, consisting of a suspension of mycobacteria — or 
fractions thereof — in a mineral oil): the adjuvant probably acts by 
creating a tissue depot of the injected material from which the antigen 
is slowly released. Lipids per se are not antigenic but a lipid, cardio- 
lipin, can act as a hapten in the complement-fixation test (q.v .) — or 
Wassermann reaction — ^used in the diagnosis of syphilis. 

Antigens have ordinarily a high degree of specificity in the sense 
that the responding serum-antibody reacts only with its own antigen. 
This antigenic specificity is related to chemical groupings, known as 
determinants, wWch are usually situated at or near the surface of the 
inolecule. Highly specific antigens can be produced artificially by 
linking a determinant chemical substance, such as sulphanilic acid or 
picryl groups, to free amino-groups in the protein molecule. No doubt 
this land of conjugate explains why patients may develop sensitivity to 
certain drugs that become attached to the host’s proteins. 

Bacterial antigens 

The bacterial cell has a chemically complex structure and only the 
more superficial elements of the intact bacterium, such as cell wall, 
capsule, flagella, fimbriae, will act as antigens. Among motile bacterial 
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Species {e.g. typhoid bacillus) two different kinds of antigen, or agglutin- 
ogen {i.e. antigen that stimulates agglutinin production) can be 
recognised: flagellar (contained in the flagella) and somatic (in the body 
of the organism). The flagellar antigen is usually designated by the 
symbol H and the somatic by O. For these different types of antigen 
separate agglutinins are likewise produced, also designated H and O, 
and the agglutinations that result from the interaction of these anti- 
gens and agglutinins are described by the same symbols. Differential 
testing of H and O agglutinins can be carried out by varying ffie con- 
dition of the bacterial suspension. For H agglutination, a flagellate 
strain of the particular organism must, of course, be used, and if the 
suspension is treated with formalin an almost pure H reaction is obtained, 
since formalin-fixed flagella interfere with O agglutination. Treatment 
of the suspension with alcohol, on the other hand, removes and in- 
activates the H antigen and an alcoholised suspension is therefore a 
suitable reagent for testing O agglutination. Another method is to 
use a non-motile variant of the organism. The H and O antigens 
differ in thermostability: thus the H antigen is labile at 80®-! 00° C., 
whereas the O antigen withstands 100° C. A bacterial suspension 
that has been kept at 100° C. for about 20 min. yields an almost pure 
O agglutination. 

These aspects of antigenic structure are well illustrated by the 
salmonella group of bacteria (see Chapter 16 and Table p. 234). 

In the case of capsulated organisms, like the pneumococcus, where 
the capsular material is composed of complex polysaccharides of high 
molecular weight, antigenic specificity is determined by the chemical 
composition of the capsule which results in over 70 different pneumo- 
coccus serotypes. In the streptococcus family, a microcapsule of 
protein material similarly shows variation in its chemical make-up to 
give over 30 different serotypes. 

Fimbriae are antigenically distinct from the other surface antigens 
in the bacterial species with which they are associated ; they can evoke 
antibodies which may cause confusion in the interpretation of agglutina- 
tion reactions in clinical infections with the sdmonella and shigella 
groups (see p. 245) 

S-»"R Variation. — In laboratory cultures of certain bacterial species, 
e.g. species Salmonella and Shigella, two types of colony may be 
observed: (1) the normal smooth, round and transparent form — S 
[smooth) type, and (2) a rough, irregular and opaque — R (rough) form. 
The S type when suspended in 0-85 per cent, saline forms a stable 
suspension ; the R type tends to auto-agglutinate, though it may remain 
(table in weaker saline solutions (e.g. 0'2 per cent.). These ^es are 
intigenically different; thus, an antiserum for S may not agglutinate 

and an antiserum for R may not agglutinate S. 

The variation from S to R is associated with a change in the somatic 
ntigen, the variant antigen being designated by the symbol 0 (or R); 
tie H antigen is usually unaltered. Among pathogenic bactoia the 
— ►R transformation is frequently associated with loss of virulenc*. 
loieover, whUst the antigen characteristic of the S type is often highly 
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specific, the R antigen may exhibit characters common to other, though 
related, species. It should be noted that changes in the somatic 
antigens often change markedly the susceptibility of the organism to 
the action of bacteriophages. 

It has been shown that the typhoid bacillus and certain related 
organisms when freshly isolated possess an additional somatic antigen 
which is associated with virulence for the mouse. When the organism 
is continuously cultivated artificially and loses virulence this antigen 
is no longer present. It has been designated the Vi (virulence) antigen 
and can be detected by agglutination tests with an appropriate antiserum. 
It seems likely that various organisms possess analogous virulence 
antigens, and the capsular hapten of the pneumococcus has a somewlwt 
similar role. The coliform group of organisms also carry surface or K 
antigens which are subdivided into L, A and B antigens (p. 246). 


THE NATURE AND PRODUCTION OF ANTIBODIES 

Tiselius showed that the plasma proteins are separable by electro- 
phoresis, i.e their mobility in an electric field, into four main con- 
stituents — albumin, alpha (a), beta (jS) and gamma (y) globulins. The 
gamma-globulin fraction contains most of the antibodies that are 
classed as polypeptides and shaped like a cigar. The main y-globulin 
antibody has a molecular weight around 160,000 and a sedimentation 
constant of 7S in the ultracentrifuge (75 y-globulin). There is also a 
macro-globulin antibody with molecular weight around 1,000,000 and a 
sedimentation coefficient of 19S (yj M-globulin or jSj M-globulin) and 
such antibodies as the somatic salmonella agglutinins, cold agglutinins 
auto-antibodies have the characteristics of this fraction. A 
third y-globulin with high carbohydrate content, called yi A-gMmlin 

L antibody activities. Antibodies, 

of w^ch there may be many million molecules in every ml. of blood, 
may be classified as functional proteins like enzymes and hormones, in 
contrast with structural or storage proteins like keratin and collagen and 
egg-white. These functional proteins must be synthesised by some 
production mechanism, and must act by adsorption on to their targets 

th/nrS^?’ good examples of functional proteins, and 

mode of action of antibodies may have analogies 

smJhSdTn *hJse enzymes «e 

8?ecifiSly a“S 

of f antibodies may depend on the existence 

hi dirSe enzymes brmg about the exchange of amino acids 

a develooinp nolvn P^^*^**^ an antigen, by contact with 

give a .mduce a particular configuration to 

the stimulus to ant hill ** inducing substrate or antigen. Once 
S^S^e P«-°<iuction has been given, there is a togar- 

™ wWch must 

P y manufacture antibodies is a function, not only 
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of the cells originally stimulated, but also of their progeny. The pro- 
duction of antibody, say against the yellow fever virus, may go on for 
years after the original stimulus. This function could be accomplished 
by the production and genetic transfer of induced enzymes in a mann<»r 
analogous to the phenomenon that occurs in bacteria. 

The current view on the production of polypeptides is that they 
are built up from long chains of amino acids, linked together by enzyme 
action, and held in a monomolecular layer against a fUm of ribonucleic 
acid (RNA) which is specially concerned with protein synthesis. There 
is presumably a template of RNA plus a protein organiser on which the 
new protein is built up, rather as in the formation of crystals. Only 
when the polypeptide chain is shed off from the template does it become 
folded up to assume the characteristic form of globulin or albumin 
particles. Globulin macromolecules have a half-life of about twenty 
days, so fresh globulin must be produced continuously. 

In explanation of the continuing production of antibodies, it has 
been postulated that the determinant group in the antigen persists 
in the tissues of the host for a long time after the introduction of the 
antigen, and repeatedly makes its imprint on the polypeptide chain so 
that antibody is produced in the process of folding up of the macro- 
molecule. It is true that some antigens, particularly polysaccharides, 
may persist in tissues for many months after inoculation, but most of 
them seem to disappear fairly quickly, so, unless they remain as un- 
detectable determinant fractions, this hypothesis would not fit the facts. 

The most recent theory on antibody production is based on clonal 
selection, where the unit is not a single cell but the clone — a family of 
cells that have multiplied asexually and so have identical genetic 
constitution. Clonal selection, which is accepted for bacterid cells, 
has been applied by Burnet (1959) to mammalian cells to explain the 
facts of acquired immunity and other immunological phenomena (such 
as immune tolerance, delayed hypersensitivity and the somatic mutation 
theory of cancer). As regards antibody production, the basic conten- 
tion is that the capacity to produce specific globulins is a genetic 
attribute of the cell and that the effect of an antigen is simply to stimulate 
proliferation of the particular cells concerned with the production of 
the specific antibody (one of many thousands) which fits that particular 
antigen. One difficulty with this hypothesis is that more than one 
specific antibody may be produced by one clone of cells. 

Another unexplained phenomenon is that the foreign ant^n is 
taken up by the reticulo-endothelial cells, but the antibodies are manu- 
factured mainly by the primitive plasma cells of the lymphoid system. 
This means that the stimulus to produce the antibodies must be 
transferred from one species of ceil to another, unless the phagocytic 
cells can change into antibody-producing cells. 

Specificity is one of the characteristic features of antibodies. In the 
case of some bacteria, ail strains of the species may be ant^enically alike, 
e.g. the whooping-cough bacillus, so that species-specific antibodies 
are produced.. Or there may be antigenic varieties within the species, 
e g. the pneumococci, whidi creates subdivisions or sa-ological types. 
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Thus, after an attack of lobar pneumonia due to pneumococcus t 3 rpe 1, 
antibodies specific to that type develop in the patient’s blood and give 
him resistance against further attacks by t 3 rpe 1 pneumococci but not 
against other pneumococcal types. This t)^e-specific immunity is also 
seen in streptococcal infections, in influenza, and presumably in other 
infectious diseases where there are different antigenic types wi thin the 
species of the infecting microorganism. 

The specificity of antibody depends on the chemical make-up of the 
corresponding antigen, e.g. in the case of the pneumococcus, the chem- 
ical composition of the capsular substance determines the type specificity. 
An organism usually contains more than one antigenic constituent, and 
for each of these a separate antibody is produced. When relate 
bacterial species have certain antigenic constituents in common, ps 
happens in the salmonella family, an antiserum for one of these speciibs 
exhibits to a greater or less degree group action towards the others. 

In some instances, the occurrence of antibodies may have no 
aetiological significance. In typhus fever a serum-antibody is demon- 
strable which is specific for a particular type of Proteus, though this 
organism has no aetiological relationship to the disease (Chapter 39). 
Antibodies like that present in typhus fever, which appear to be specific 
for an smtigen having no biological relationship to that constituting the 
immunising stimulus, are designated “heterophile”. As originally 
shovra by Forssn^, guinea-pig tissues, and also those of certain other 
species, when injected into a rabbit bring about the production of a 
heterophile antibody which is haemolytic for sheep red corpuscles. 
This antibody is generally designated “Forssman antibody”. 


ACTIVE AND PASSIVE IMMUNITY 

The appearance of specific antibody in the blood about the time of 
clmiral recovery, as in lobar pneumonia, the correlation between demon- 
strable antibody and clinical protection, as in diphtheria, and the 
c«perraental demonstration that antibodies can specifically neutralise 
tte infectmg pathogen, as in smallpox, are all findings that support the 
importance of humoral immunity. It should be made clear, however, 
that wrtam specific antibodies which appear after a clinical infection 
may have no protective value. The whole bacterial cell, which is 
^ vacdncs, contains a variety of antigens of which 

ThL oroSrtfTi”**- ^ “ protection against infection. 

5 ^baS I “t>g«ns are often present on the surface 

of nn«Ti^ ’f u polysaccharides 

mav aK ^ the streptococis, but they 

may also be incorporated in the cell wall itself. On the other hand^ 

STay iStr'l mT baciUus, seem’ 
to play little or no part as protective antigens. 

occum natural infection with a pathogen 
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and the concentration, or Htrey of these antibodies depend on a number 
of variables including the nature of the pathogen, its distribution in the 
tissues, the incubation period of the disease and the responsiveness of 
the host. When immunity is induced artificially, the antibody response 
will depend on such factors as the nature and the amount of antigen 
used, the number and sites of injections and the rate at which antigen 
is dispersed from the site of injection. The time of appearance and 
amount of demonstrable antibody is best measured by following the 
response to injections of bacterial toxoids^ which are toxins detoxicated 
by treatment with weak formalin without losing their antigenic potency. 
The first injection of toxoid (or primary stimulus) elicits only a small 
amount of antitoxin after a latent period of about two weeks. A second 
injection (secondary stimulus) some weeks later elicits a much greater 
increase in antibody which reaches its peak about 10 days after the 
injection and gradually falls over a period of months or years. Thus, 
two or sometimes three injections of the antigen constitute the primary 
course, which, if properly performed with good antigens, confers sub- 
stantial immunity. When over a period of time immunity wanes as 
illustrated by a low level or absence of demonstrable antitoxin, a small 
booster or reinforcing dose will stimulate a rapid outpouring of antibody 
which reaches a high level and persists, as a rule, for several years (see 
Fig. 14). 
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Fio. 14 

Antit<»cin titrcs in the serum of subjects receiving either («) two 
doses bf toxoid or (6) two dofes plus s third dose about one 
year after first injection. 
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In bacterial and viral diseases where the infection is not due pre- 
dominantly to powerful exotoxins, killed suspensions of the micro- 
organism or living attenuated cultures may be used to produce artificial 
active immunisation and these prophylactic agents are called vaccines. 
In the case of killed vaccines, suspensions of the organism in its virulent 
phase are inactivated by heat at a temperature around 5S'’*-60° C. or 
by antiseptics such as formalin, phenol, alcohol, etc., care being taken 
not to destroy or denature any possibly important antigens by over- 
heating or by too strong concentrations of the antiseptic. Two or more 
injections of the inactivated vaccine are given, preferably at 4-week or 
longer intervals; examples are the vaccines against typhoid fever, 
whooping-cough and poliomyelitis. Sometimes, a purified bacteria 
fraction, e.g. pneumococcus polysaccharide derived from the capsui?, 
can be used as the immunising agent. 

Living attenuated bacterial and viral vaccines have been used 
principally when killed vaccines have proved ineffective. A modified 
form of the smallpox virus has been used for many years to produce 
a localised infection, vaccinia, which immunises against smallpox. A 
living non-virulent culture of the tubercle bacillus, BCG vaccine, is 
used to give protection against tuberculosis. 

When an enhanced response to an antigen is desired in the process 
of active immunisation, the antigen may be mixed with an adjuvant. 
Thus, bacterial toxoids may be precipitated by or adsorbed on to alum 
(aluminium hydroxide or phosphate) and this mixture is a much more 
potent antigen than toxoid alone. Some bacterial suspensions, e.g. 
typhoid and pertussis vaccines and some water-in-oil emulsions also act 
as adjuvants when mixed with toxoids or viruses. An alum adjuvant 
helps to create a depot from which the antigen is released over a period 
of days and in this way produces a more persistent stimulus for the pro- 
duction of antibody. Oil adjuvants probably also act by creating the 
depot effect but bacterial vaccines may, in addition, stimulate the 
production of phagocytic and antibody-producing cells. 

Passive Immunity. — In passive immunity, the host plays no part 
in the production of antibodies. Most infants arc resistant to certain 


specific infections, e.g. measles, diphtheria, but not to others, e.g. 
whooping-cough, during the first four to six months of life. This 
immunity is due in large part to the antibodies transferred from mother 
to offspring—via the placenta in the human species, or by the first milk, 
or colostrum, in some animal species (cow, sheep, horse), or by both 
routes (dog and rodents) or by a more complex mechanism from the 
uterine cavity through the yolk sac into the vitelline circulation (rabbit 

concept that the route of transmission of 
antibodies from mother to offspring is determined by the permeability 
ot the placenta can be only partially true. Furthermore, with placental 
ransmission, as in the human species, there is a certain selectivity, e.g^ 
me flagellar but not the somatic agglutinins of Esch. coli are transmitted 
antibodies are held back while ‘‘incomplete^’ 
Iwe iQ molecule may be important. But 

e only factor since natural diphtheria antitoxin is readily 
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transmitted from mother to foetus whereas the smaller molecule of 
peptic-digested (refined) antitoxin is not. Another interesting pheno- 
menon, not yet satisfactorily explained, is that the concentration of 
certain antibodies may be significantly higher in the blood of the 
newborn infant than in that of the mother. 

Gamma-globulin, which contains most of the natural antibody in 
human serum, may be separated from the other constituents and in- 
jected as a prophylactic measure in susceptible persons exposed to 
measles or infective hepatitis; or the gamma globulin of convalescent 
cases may similarly be used to protect against smallpox, measles or 
Germ^ measles (Chapters 31, 33 and 37). Antibodies to certain bacteria 
or their toxins may also be produced artificially in animals such as the 
horse. Repeated injections are given until a high level of antibody is 
reached when the animal is bled and the antibody is concentrated by 
getting rid of the albumin and non-antibody-containing globulin. 
These concentrated antisera may be used both prophylactically and 
therapeutically, as in tetanus and diphtheria. 

The practical aspects of artificial immunisation are discussed under 
individual infections and in Chapter 43. 


ANTIGEN-ANTIBODY REACTIONS 

A variety of methods may be used to demonstrate the presence of a 
specific antibody to a particular antigen, whether that be toxin, bac- 
terium or some extract of it, or virus. Most of these tests are demon- 
strated tn vitro, i.e. in test-tubes or other containers; but some are 
demonstrable only in vivo, i.e. in living animals or in tissue cultures. 
The tests most commonly used are neutralisation of toxin protection 
(against infection with the living microht), precipitation ox flocculation, 
agglutination and complement fixation-, antibodies may also specifically 
assist in bacteriolysis (lysin) and in phagocytosis (opsonin). Antigen- 
antibody tests can be used quantitatively to measure the amount of 
antibody present in a given volume of serum by making a series of 
increasing dilutions of the serum or antigen or in other ways. The 
use of different methods for demonstrating antibody does not neces- 
sarily mean that several different antibodies are being identified; 
in most instances it is one antibody that is being demonstrated in 
different ways. 


Neutralisation and Protection Tests 

If a microbe or its toxin is highly lethal for an experimental animal 
like the mouse or guinea-pig or, in the case of viruses, for living tissues 
(chick embryo or tissue culture), the average lethal dose or LD50 (i.«. 
the dose which lt«ll« 50 per cent, of the susceptible animals or tissues) 
is first assayed. Some multiple of this dose, say 10 LD50, is then 
mixed with different dilutions of the antibody-containing serum and 
after standing for 30^ minutes, the mixtures are injected into groups 
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of animgla or eggs Of tissuc culturcs. Where animals are used, they 
should be homogeneous in regard to breed, weight, sex, etc. If 
a microbe or, more often, a toxin produces charactemtic and measur- 
able lesions in the skin of a susceptible animal, series of intradermal 
tests with different dilutions of serum can be c^ried out on one 
animal. Diphtheria antitoxin can be measured in this way (see p. 181). 

In passive protection tests the serum in different doses is first injected 
into the susceptible animal, and after an interval of some hours the 
animals are “challenged” with a fixed dose, say 10 LDSO, of the microbe 
or toxin. Active protection tests are designed to measure the immun- 
ising or protective potency of a particular antigen (vaccine or toxoid). 
The antigen is injected in several dilutions (or sometimes in two Or 
more spaced doses) into groups of animals and, after an interval pf 
1-3 weeks, the animals are challenged with a fully virulent strain of the 
organism or of the toxin under test. When assays of a prophylac^ 
agent are first carried out on experimental animals, it is usually essential 
to compare the laboratory findings with the protective efiiciency of the 
prophylactic in controlled trials on human volunteers. For example, 
a mouse protection test of whooping-cough vaccine was found to show 
good correlation with the protection of young children in field trials 
and has therefore been adopted as the method of assay for standardising 
the potency of whooping-cough vaccines (see Chapter 52). 


Agglutination 

Agglutination is the most easily observed effect of an anti-bacterial 
serum. It differs from precipitation in that particulate rather than 
soluble antigens are brought together by antibody. If antibody- 
containing serum is added in vitro to a uniform suspension of the 
particular organism and the mixture is incubated, the bacteria become 
aggregated in clumps and the suspension appears flocculent or granular, 
the clumps or floccules being easily visible to the naked eye. The 
phenomenon is attributed to a specific antibody designated agglutinin. 
The agglutinin does not affect the viability of the bacteria. It clumps 
dead as well as living bacteria. It is relatively thermostable and resists 
heating up to 56° C. An electrolyte, such as sodium chloride (but not 
complement: vide infra) is necessary for its action, and agglutination 
tests are usually carried out in a medium of physiological s^ine. The 
mechanism of bacterial agglutination has not yet been fully elucidated; 
it may be due to {a) reduction of mutually repellent charge on the 
bacterial cell after coating with antibody, (6) a change in the hydrophilic 
property of the bacterial suspension to a hydrophobic character or 
(c) linkage of cells together by bivalent antibody molecules. Agglutina- 
tion tests Me applied in the diagnosis of clinical infections and for the 
identification of species and types of bacteria. 

Haemagglutination. — Soluble antigens may be adsorbed on to 
larger particles, e.g. collodion, which then behave as the specific antigen 
and are agglutinated by the corresponding antibody. Red blood cells, 
particularly sheep cells and group O human cells, are frequently used 
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for this form of haema^lutination, which is designated as indirect or 
conditioned haemagglutination to distinguish it from direct bacterial 
and viral haema^lutination which does not involve antibody (pp. 7, 
73). Polysaccharides are rapidly adsorbed on to red blood cells; 
proteins rather more slowly. In the latter case, adsorption is facilitated 
by preliminary treatment of the red cells with dilute tannic acid 
(1: 20,000). Any antibody to the red cells that may be present in 
the serum being tested must, of course, be first removed by absorption 
with “untreated” red blood cells. This method of agglutination has 
been used to detect antibodies to the tubercle bacillus, Vi and O 
t)rphoid antibodies, virus antibodies, etc.; it usually gives a much 
higher titre than is obtained by direct bacterial agglutination (see 
Chapter 54). 

Another form of indirect agglutination is the antiglobulin reaction 
or Coombs test, used in blood grouping to detect weak or incomplete 
antibody. 


Precipitation and Flocculation Tests 

When an antigen in solution, e.g. a toxin or bacterial extract, is 
layered on top of serum in a test-tube, a ring of white precipitate will 
form if the serum contains the specific antibody or precipitin. A 
quantitative assay can be made by adding increasing dilutions of the 
antigen to tubes containing a constant amount of antibody until no 
precipitate forms. If a series of precipitin tests, using a fixed con- 
centration of antibody and varying dilutions of the antigen, are set up 
in test-tubes, precipitation (sometimes called flocculation) will occur 
first and in greatest amount in one tube of the series. This is the 
optimal proportions test of Dean and Webb and indicates the ratio 
of antigen to antibody where neither is in excess. It is used as a method 
for assay of diphtheria antitoxin. Precipitation tests are also used for 
the detection (by extraction) of group-specific and type-specific bacterial 
antigens as in the classification of ^e haemolytic streptococcus and in 
the identification of blood stains in forensic medicine. 

In recent years, the occurence of precipitation reactions in gels of 
agar or gelatin has been used for assay purposes and also to demonstrate 
the presence of more than one diffusible antigen in a microbe or toxin. 
There arc several variations in technique for demonstrating precipita- 
tion reactions in gels, based on the method of Oudin who layered 
antigen solutions on top of a column of antiserum-containing agar or 
gelatin with the subsequent development of a band or ban<k of pre- 
cipitation and on the Elek-Ouchterlony methods of allowing antigen 
and antibody to diffuse towards each other from wells or impr^nated 
filter paper in a plate of agar gel. In this double diffusion tec^que 
several hypothetical antigens may be placed in cups around a central 
well of antiserum and the number of precipitin lines where antigen and 
antibody ate in equivalence will indicate the number of antigens in each 
solution. Gel d^sion precipitation can be used, not mily for quanti* 
tativif and qualitative assays of antigens and antibodies but also to 
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detect the presence of diffusible toxins in bacterial cultures, e.g. in the 
diphtheria bacillus and the staphylococcus. For further details see 
ClUpter 54. 


Complement 

Complement is a thermolabile constituent of serum and its 
formation does not depend on stimulation by an antigen. It acts as 
a kind of catal 5 rst for a variety of antigen-antibody reactions besides the 
complement-fixation test. Intensive studies have shown that comple- 
ment contains at least four distinct components — ^labelled Cj, Cj, C 3 
and C4 — ^which come into action in a definite sequence in the completion 
of red cell haemolysis when a suspension of red cells is mixed with tl^ 
corresponding antibody. Cj, a heat-labile euglobulin, probably ah 
esterase, is first adsorbed to the antigen-antibody mixture in thk 
presence of calcium salts; then the heat-stable C, (which can be in^ 
activated by ammonia) becomes attached; next Cj, a heat-labile 
globulin, is taken up in the presence of magnesium salts and the reaction 
is completed by the heat-stable C3, which can be inactivated by treatment 
of the serum with yeast cell walls (Zymosan). These four components 
are found in different concentrations in the sera of various animal 
species and complement is reduced or disappears from the serum in 
the presence of certain diseases such as glomerulonephritis, serum 
sickness and infective conditions. 


Complement-Fixation; L}rsin 

The bactericidal action of an immune serum is due to a specific thermo- 
stable antibody {bacteriolysin or bactericidin) acting along with a nor mal 
non-specific constituent of serum {complement) which is thermolabile 
(at 55° C.). The antibody apparently combines firmly with the bacterial 
antigen and the complement then unites with the combined antigen 
and antibody. The antibody and complement have no independent 

thus been supposed that the antibody acts 
by sensitising the bacteria to the action of complement, and that the 
latter is the essential Ijrtic agent. 

Thus: 


Q ’^1 

Bacteria+^°.j^ 5 -f- Complement= Bacterial lysis. 


antibody 

Bacteria+ 

antibody 

Bacteria -i- Complement 


=No lysis 

(but agglutination). 
=No lysis. 


snhfllSf *^“f,^o™pJement is an exceedingly unstable 

ternSramr^^ becomes quickly inactivated when it is kept at room 

In vwo bacteriolysis can be demonstrated readily by Pfeiffer^ $ re- 
action: a suspension of cholera vibrios is injected intra^Sly in 
a gumea-pig along with an anticholera scrum that is devoid of <Sle- 
ment as a result of heatmg {e.g. at 55° C. for J hr.); if peritoneal fiuid 
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is drawn off with a hypodermic syringe at intervals within an hour, it 
is seen that the vibrios undergo progressive lysis and disappear from 
the fluid. In this case the animal complement acts along with die 
antibody of the injected serum. 

Haemolym by a Haemolytic Antiserum is analogous to bacteriolysis 
— i.e. it is due to a specific Aermostable antibody acting along widi the 
normal complement. Haemol 3 rtic antiserum may be produced by 
injecting blood cell suspensions of one species of animd, e.g. sheep, 
into another species, e.g. rabbit. 

Thus: 

Red Cells + + Complement=Haemolysis. 

Red -Nolyeis. 

Red Cells + Complement =No lysis. 

The phenomenon of haemolysis by serum can be demonstrated in 
vitro with blood suspensions and is easily visible with the naked eye, 
the blood becoming laked and transparent. 

A suspension of red blood corpuscles in isotonic salt solution plus 
the antiserum that has been heated at 55° C. to destroy complement 
{i.e. red cells -f specific antibody only) serves as an indicator for the 
presence or absence of complement — e.g. in complement-fixation tests 
— and is spoken of as a haemolytic system Serum haemolysin must 
not be confused with the haemolysins produced by various bacteria, 
e.g. streptococcal haemolysin, which are ‘Hoxins*^ or enzymes secreted 
by the bacteria and act directly on the red blood cell. 

An immune serum may contain antibodies which, along with 
antigen, fix or absorb complement; and a completnenUfixing antibody 
is therefore spoken of. 

Thus: 

Antigen + 

To test for this effect, the haemolytic system is used as an indicator: 
on adding the hacmol)^ic 8ystem,if complement has been fixed, then, 
no haemolysis will occur. 

Complement-fixation tests are employed in diagnosis, of bacteri^ 
and viral infections and occasionally for the identification of species in 
the same way as the agglutination reaction. See also the Wassermann 
Reaction, Chapter 54. 

Opsonin 

Opsonic action of normal serum. Normal serum usually contains 
a thermolabile substance called opsonin which facilitates phagocytosis 
Its action is dependent on the coating of bacteria with plasma protein 
which changes the surface characters of the bacterial cell and so renders 
it more susceptible to phagocytosis. This effect may be due to very m^I 
quantities of normal antibody acting together wiA complwnent which 
helps' to increase the amount of protein deposited on the bacterium. 
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The increased opsonic action of an antibacterial serum is due to a 
specific thermostable antibody (immune opsonin) which can function 
independently of complement, though the latter may enhance the effect 
of the opsonin. The opsonins combine with the bacteria, rendering 
them susceptible to phagocytosis but without directly affecting their 
viability. Thus, if a serum is allowed to interact with organisms, which 
are then separated from it by centrifuging and washing with salt 
solution, they are still susceptible to phagocytosis by leucocytes though 
the serum has been removed, and the leucocytes have also been freed 
from serum. The opsonin is apparently “absorbed*’ from the serum 
by the organisms, and bound by them. 

The opsonic index is a numerical expression of the opsonic power 
of the serum of a person for a given organism as compared with normal, 
and has been regarded as significant of the degree of resistance posseted 
by the person to the particular infection. The index can be estimated 
according to the following system: a preparation of leucocytes, the 
bacteria in question and the patient’s serum are mixed, and, after a 
period of incubation, film preparations are made from the mixture and 
suitably stained; by counting under the microscope the number of 
bacteria phagocytosed by fifty, or preferably by a larger number of, 
leucocytes, the average for one leucocyte can be calculated — ^the phago- 
cytic index. A similar experiment is carried out, substituting the pooled 
serum of two or three normal persons, and the phagocytic index again 
estimated. The opsonic index is then calculated by dividing the 
phagocytic index of the serum in question by that of the normal serum. 
Thus unity is normal, and the opsonic power of the serum is greater or 
less than normal according as the index is greater or less tl^ unity. 
It has been shown that the results of counting bacteria in a small 
number of leucocytes, e.g. 50, may not be a statistically accurate 
representation of the actual number phagocytosed. 


CELLULAR IMMUNITY 

Although the development of specific humoral antibodies can be 
demonstrated following a clinical infection with most bacterial and viral 
pathogens, these antibodies may play an insignificant part in the 
patient’s recovery from the infection. For example, despite the high 
level of specific antibodies present in the blood of patients with brucel- 
losis by the second or third week of the illness, the clinical infection 
may continue for 6-12 weeks or longer; and if in this infection or in 
typhoid fever the illness is terminated early by chemotherapy, relapses 
of infection are more likely to occur. The lack of correlation between 
humoral antibodies and immunity is best illustrated from studies in 
experimental tuberculosis. Immunity to tuberculosis in a susceptible 
anunal like the guinea-pig follows inoculation with living attenuated 
cultures, e.g. BCG vaccine, and, less surely, with killed bacillary 
suspensions; humoral antibodies similar to those in the immunised 
animal can be produced by the injections of protein-lipid fractions of 
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the tubercle bacillus without inducing any immunity. Serum from 
immune guinea-pigs transferred to susceptible animals gives no pro- 
tection against tuberculous infection. Again, tubercle bacilli in col- 
lodion capsules permeable to antibody globulins and planted intra- 
peritoneally in immunised guinea-pigs grow at the same rate as similar 
cultures in susceptible animals. Thus, all the available evidence 
indicates that humoral antibodies play little or no part in immunity to 
tuberculosis. 

The evidence regarding a specific cellular immunity is still rather 
contradictory. Lurie showed t^t monoc 3 rtic cells from an immunised 
guinea-pig when injected into the eye chamber of a rabbit along with 
living tubercle bacilli prevented the growth of the organisms, whereas 
normal monocytes failed to do so. Some workers have described 
similar results with mixtures of “immune” and normal monocytic cells 
and tubercle bacilli in vitro, but their findings need corroboration. 
Recent observations on patients with hypogammaglobulinaemia have 
demonstrated the selective importance of humord and cellular im- 
munity in different infections. Hypogammaglobulinaemia is a sex- 
linked genetic anomaly seen only in males in which there is an almost 
complete absence of gamma globulin and humoral antibodies, including 
the blood iso-agglutinins. Children with this anomaly fail to produce 
antibody in response to antigenic stimulation and are highly susceptible 
to acute bacterial and toxic infections, e.g. pneumonia, streptococcal 
infections and diphtheria. On the other hand, the common virus 
infections including measles, chickenpox and mumps run a normal 
course and are followed by clinical immunity. The child can also be 
successfully vaccinated against smallpox and develops hypersensitivity 
to tuberculin following BCG vaccination (q.v., p. 206). H)q>o- 
gammaglobulinaemic children therefore seem to develop a cellular 
immunity to infections with intracellular pathogens such as viruses and 
the tubercle bacillus, and in such infections, humoral antibody does not 
seem to be essential for protection or clinical cure. 


IMMUNOLOGICAL REACTIONS AS A CAUSE OF DISEASE 

In this chapter the immune processes have been so far discussed 
in relation to their importance in defending the body against infection 
with microorganisms and their products. There exist however certain 
states in which the immune mechanism can have results that are 
disadvantageous to the individual. These states can be divided into 
two main categories, (1) Injury to tissues secondary to the comlmatum of 
antibody with foreign antigemc material. Here the actual tissue damage 
is mediated by pharmacologically active “intermediary substances” 
such as histamine, the release of which is fired off by antigen-antibody 
combination on or in the cell. Such reactions are known as hyper- 
sensitivity REACTIONS and include anaphylactic and alleipc conditicms. 
(2) Injury p cells or tissues as a dir^t result of an isnmunolagical reaction 
directed agmnst^such ceUs or tissues. Conditicma that fall infr> tlus 
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category include (i) transfusion reactions, haemolytic disease of the 
newborn (er 3 rthroblastosis foetalis) and graft rejection reactions. In 
these conditions the immunological reaction is directed against foreign 
antigens present on the cells or tissues, (ii) Direct injury to the sub- 
ject’s own cells either as the result of a breakdown in tolerance to “self 
antigens” {i.e. auto-immune disease) or the damaging effect on cells of 
antibody Erected against a foreign antigen {e.g. a drug) that is 
adsorbed on to such cells. 


HYPERSENSITIVITY 

Hypersensitivity may be defined as an increased tissue reactivity to; 
specific antigenic stimuli which may be protein or protein-linked 
substances or certain chemicals. The term allergy is frequently used 
synonymously with hypersensitivity but in this chapter it is used in a 
more restricted sense. Hypersensitivity may be divided into two main 
categories, immediate and delayed, according to the time of appearance 
of the response. The immediate type of response, which includes 
anaphylaxis, serum sickness, atopy (or allergy in the restricted sense) and 
the Artkus phenomenon, develops within seconds or minutes after 
exposure to the antigenic stimulus, is mediated by serum antibodies 
and is characterized by increased capillary permeability and smooth 
muscle spasm. The delayed type of response, which includes mkrMal 
hypersensitivity {bacterial or infection allergy), contact dermatitis and 
certain forms of drug allergy, does not manifest itself until 12-48 hours 
after the stimulus, is not associated with demonstrable antibodies and 
is characterised locally by a marked cellular reaction. 

In the immediate type of hypersensitivity the reaction is associated 
with the release of histamine or other substances with somewhat similar 
pharmacological activities, e.g. serotonin (5-hydroxytryptamine), brady- 
kinm and slow-reacting substance (SRS-A). These substances, found 
mostly in mast cells, are released when there is union between antigen 
and antibody at the cell surface or intracellularly. Sometimes the 
reartion is so violent and generalised as to cause death as in anaphylaxis 
or, u more localised, tissue necrosis as in the Arthus phenomenon. 

Amphylaxis and atopy have certain points in common. The tissue 
reacuon is immediate (within a few minutes) and the hypersensitivity 
can be passively transferred in the serum. Atopy, however, is of long 
duration and has a strong hereditary predisposition, whereas anaphy- 
tois IS limited in time and is probably not genetically linked. Microbial 
hypersensitivity, which is a feature of some of the more chronic in- 
fective diseases, is not passively transferable in serum but may be 
transferred by suspensions or extracts of leucocytes. 

^ g““ea-pig is injected subcutaneously with a 
O OOOl-O-Ol ml.), and after an 

iitirs Zt or 5 ml. subcutaneously), it wUl develop 

the^chirf^ZnXf^® “ shock, in whiS 

the chief manifestation is suffocation due to spasmodic contraction of 
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unstriped muscle, particularly that of the small bronchi and pulmonary 
oedema. The serum is non-toxic per se when given to an unsensitised 
animal even in large doses. 

Anaphylactic shock is more liable to occur and is more marked when 
the injection is intravenous, and when a large dose is given, than when 
the injection is subcutaneous or a small quantity is introduced. Thus, 
a dose that would produce shock if given at once, when introduced in 
repeated small fractions may not lead to an anaphylactic shock, and the 
animal is desensitised in this way. If, after the sensitising injection but 
before hypersensitivity has developed, a second dose of the substance 
is given, the animal is protected for a time against a subsequent injection. 

Haptens may produce anaphylactic shock in animals specifically 
sensitised with the complete antigen of which the hapten is a constituent. 

Serum anaphylaxis is of practical importance in medicine in relation 
to serum therapy — for example, when it is necessary to give a second 
dose of a prophylactic or therapeutic serum after an interval of 10 days 
or more, and especially by intravenous injection. A single injection of 
foreign serum may, in certain persons, particularly those with a personal 
or family history of allergy, produce immediate symptoms of shock. 
The risk of anaphylactic shock may, in such cases, be obviated by 
desensitisation with very small doses of serum. Fortunately, the 
human subject is much less liable to anaphylaxis than are certain 
animals. Tests for hypersensitivity and the hazards of repeat injections 
are discussed under tetanus (p. 334). 

Serum Sickness or Serum Disease* — It should be noted that 
after a single dose of foreign serum {e,g, a therapeutic antiserum pre- 
pared in the horse) given for the first time, characteristic symptoms 
may develop in a proportion of cases. These occur after an interval of 
eight to twelve days, and may consist of fever, an erythematous or 
urticarial rash, swelling of lymph glands and joints and albuminuria, and 
there may be an inflammatory reaction at the site of the injection. Such 
symptoms may be related to anaphylaxis; thus, at the time when 
symptoms appear, the antigen (the serum protein injected) may still 
be present in the system, whilst antibody is beginning to appear in the 
blood and tissues so that an antigen-antibody reaction may occur in 
vivo as in anaphylactic shock. Fortunately, with the use of smaller 
doses of refined antisera, serum sickness reactions are now much less 
common and affect only two to five per cent, of those injected. 

Atopy: Allergy. — In certain persons, probably as a result of 
genetic factors, hypersensitivity may occur towards a considerable 
variety of substances of protein or non-protein nature, so that when the 
person is exposed to contact with the substance to which he is sensitive, 
toxic effects result, e.g. coryza, asthma, urticaria, gastro-intestinal dis- 
turbance. This form of hypersensitivity has been designated either as 
atopy, where there is a marked heredita^ predisposition, hay fever, 
astWa, eczema; or allergy, where the genetic factor is much less 
important and there is almost always a history of contact, e.g, certain 
food allergies. AUergy can be tested for by cutaneous reactions with 
preparations of the particular allergen, e,g. pollen extracts. Also, when 

I 
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the serum of an allergic person is injected into ihe skin of a nra-sensitive 
person, and after an interval the allergen is mjected at the same site, 
L urtiWrial wheal results (Prausnitz-Kiismer reaction), '^ese local- 
ised responses appear and disappear quickly m ^n^t to the delayed 
and persistent reactions in microbial hypersemtivity. The sensitising 
antibodies, called reagins. are not detected by preapitation or other 

conventional in vitro tests. , , -a- 4.* 

Arthus Phenomenon.— This is a local hypersensitivity reaction 
characterised by an acute inflammatory response gomg on to tiwue 
necrosis following repeated injections of an antigra. It n»y sometmes 
be encountered in man, e.g. after frequent mjections of rabies wccine. 

Microbial Hypersensitivity (Infection Allergy).— S^itisation 
to microbes or their products occurs in a variety of bacterial, viral a^d 
fungal infections. This microbial hypersemtivity develops m tlip 
course of a naturally acquired or experimentally produced iMection ^ 
is not usually demonstrable until 1—2 weeks, or sometimes longer, uter 
the onset of infection. It is found in chronic bacterial infections char- 
acterised by intracellular parasitism, e.g. tuberculosis, leprosy, brucel- 
losis; in certain virus infections, e.g. psittacosis, lymphogranuloma 
venereum; and in both superficial and systemic fungal infections, e.g 
ringworm, histoplasmosis. This infection allergy has been studied par- 
ticularly in experimental and clinical tuberculosis. The findmg,^as 
demonstrated by Koch, that a guinea-pig infected with virulent tubercle 
hjirili; would after an interval of 10 days or more react to the intra- 
Hpirmgl injection of living or killed tubercle bacilli by a delayed local 
inflammatory reaction is known as the Koch phenomenon and^has 
become the basis of the tuberculin test (p. 199) which is used as evidence 
of antecedent tuberculous infection. In adcUtion to the local reaction 
at the site of injection, tuberculin may also elicit focal inflam^tory 
reactions around existing tuberculous lesions and may activate quiescent 
“healed” foci. These local and focal reactions do not appear imtil 
12-24 hours or longer after the injection of tuberculin and this is 
known as the delayed hypersensitivity reaction. Microbial hyper- 
sensitivity, although it caimot be passively transferred in serum as in 
the Prausnitz-Kiistner phenomenon, is transferable experimentally in 
the cells of an induced peritoneal exudate from a sensitised animal, 
which suggests that in this form of hypersensitivity the reactive sub- 
stance or Transfer Factor is closely bound to certain cells. Tuberculin 
hypersensitivity can be transferred in man with leucocytic extracts. 


Contact Dermatitis: Drug Allergy. — Hypersensitivity of the 
delayed type may occur after prolonged or repeal exposure of the ddn 
or mucous membranes to certain plants and drugs. The dun lesion 
usually develops from the 6th-18th day after exposure as a moist 
eczematous dermatitis. The primula and, in America, poison ivy are die 
plants most commonly incriminated, while the insecticide pyrethrum, 
derived from a flowering plant, is also an excitant. Drugs like penicilliih 
streptomycin and the sulphonamides may cause contact dermatitis when 
used as topical applications; furs containing the hair-dye, paraplMnjdco^ 
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diamine, and suspenders containing nickel similarly produce a delayed 
type dermatitis. Since these substances are not antigenic per se, it seems 
likely that they combine with the host’s proteins and indeed many of 
them have an avidity for animal proteins. Sensitisation can be demon- 
strated by a patch test with the chemical substance in an oily solvent 
applied to a non-affected area of the skin. There is, presumably, a 
predisposing genetic factor in the host. 

In addition to the delayed type of drug allergy, acute anaphylactic 
shock or a symptom resembling serum sickness, i.e. immediate type 
reactions, may occur in patients who have received prolonged or re- 
peated courses of penidllm or certain other drugs. Again, the antigenic 
stimulus comes from a drug-host-protein conjugate and, fortunately, 
there is usually some warning of tike development of hypersensitivity 
in the form of localised reactions or skin eruptions, e.g. urticaria. But 
deaths from anaphylaxis have followed injections of penicillin. 


Transfusions Reactions, Haemolytic Disease of the 
Newborn and Graft Rejection 

Transfusion Reactions . — ^Prior to blood transfusions routine exam- 
inations include tests to determine the blood group of both the donor 
and the recipient (the A, B, O and Rhesus blood groups) and a “cross 
matching” test in which the donor’s serum is mixed with the recipient’s 
cells and vice versa. Despite careful precautions occasional errors and 
difficulties can arise as a result of which the transfused individual 
produces antibodies t^ainst a foreign antigen on the transfused cells 
and develops a transfusion reaction because his antibodies agglutinate 
or lyse the injected cells with consequent occlusion of vascular channels 
and interference with renal excretion. 

Haemolytic Disease of the Newborn (erythroblastosis foetalis). — This 
is a disease in which foreign antigens on the red cells of the foetus 
(usually Rhesus antigens) stimulate antibody production in the mother. 
Such antibody passing into the foetal circulation damages the red cells 
and causes a severe haemolytic condition. 

Graft Reactions . — It has been known for a long time that tissues can 
be grafted successfully only between individuals who are genetically 
identical. Grafts between non-identical individuals, e.g. brother and 
sister who are not identical twins, are not accepted. The immuno- 
logical rejection process depends upon the foreign nature of certain 
mucopolysaccharide or Kpopolysaccharide antigens derived from cells 
of the grafted tissue. These antigens differ antigenically in different 
individuals and are known as transplantation antigens. In a normal 
individual both humoral and cellular immune reactions develop to 
these antigens and the graft is rejected. 

Direct Injury to Siil^ect's Own Cells 

Aiao-mname Disease . — The mechanisms underlying reactkms to 
foreign antigens depend on the ability of the mmunok^icalfy cmpeunt 
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celb to recognise and react in response to foreign ^ents. The body 
must at the same time possess a built-in medianism to prevent its 
reacting immunologically against its own tissues {self recognition). This 
is accounted for in Burnet’s Clonal Selection Theory (1959) by postula- 
ting the elimination in early life of any clone of cells (formed during the 
initial development of antibody-forming cells) that are capable of 
reacting against self. During the early stages of their maturation the 
antibody-forming cells are considered to be sensitive to contact with 
antigen {i.e. any accessible “self” antigen and even to a foreign antigen 
introduced at this stage) and to be functionally eliminated by such 
contact. 

It might be expected that under certain circumstances the mech|n- 
ism of self recognition would fail and result in the formation of antibody 
to antigens of the individual’s own tissues. That this does occur lias 
been clearly shown by the description in recent years of a number of 
human diseases in which auto-sensitisation is part of the disease process. 
Included in this group of diseases are auto-immune haemol 3 rtic anaemia, 
chronic lymphoid thyroiditis (Hashimoto’s disease) and the connective 
tissue diseases. 

Disease due to the Action of Antibody against an Antigen adsorbed on to 
C«/&.— Drug-induced anaemia in which haemolysis of red blood cells 
occurs is due to the action of antibody on red cells with adsorbed antigen 
(drug) in the presence of complement. Examples of drugs which have 
been implicated in this way are quinidine, fuadin, sulphanilamide and 
sulphapyridine. It is possible that some bacteria and viruses with 
affinity for the red cell surface may also be concerned with reactions 
of this kind. Other examples of drug-induced disease have been 
described in which platelets with adsorbed sedormid, quinine and other 
drugs are destroyed by the action of antibody against the drug; this 
results in a condition known as thrombocytopoenic purpura. Leuco- 
cytes are also sometimes involved in reactions of this type; e.g. amido- 
pyrine is known to act as a leucocyte-adsorbed drug and the resultant 
antibody response leads to a destruction of circulating leucocytes — 
granulocytopaenia or agranulocytosis— md an increased susceptibility 
to mfection. ^ 


Shwartzman Phenomenon 

This reaction merits consideration in relation to the general subject 
of hypersensitivity. It was observed by Shwartzman that, when a 
typhoid bacillus had been injected into the skin of a 
mocuktion) and after 24 hours (but not later than 32 
toms) the same filtrate was mjected intravenously (provocative inocula- 

viz an me*I 5? “^“"ed at the site of the intradermal injection, 

VIZ. an area of haemorrhagic inflammation with subsequent necrosis. A 

Sd k c ^ k ® Induced by giving both inoculations intravenously 
“?ie^c Z Thereactionis 

filtrate or other intradermal injection of typhoid bacillus 

nitrate, or other endotoxin-contammg organisms, a coliform baciUus 
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filtrate injected intravenously may excite the reaction. The precise 
significance of this phenomenon is still somewhat obscure, but it may 
contribute to the toxaemia of Gram-negative bacterial infections. 

For further reading on immunology seek books by Raffel (1961), 
Cruickshank (1963), and Humphrey and White (1963). 



PART II 

PATHOGENIC AND COMMENSAL BACTERIA 


CHAPTER 9 

STAPHYLOCOCCUS 

Gram-positive cocci which grow in clusters are ubiquitous and can 
be isolated from air, dust, water and soil, and human and animal sources. 
The cocci that grow on solid nutrient media to give relatively l«ge 
opaque, white or coloured colonies with a smooth surface and that 
ferment glucose aerobically and anaerobically and may liquefy gelaj^, 
belong to the genus Staphylococcus. Some of them are saprophitic 
and may be useful in agricultural processes because of their fermentadW 
activity. Others have become adapted to live as parasites and are found 
as commensals or pathogens in human beings and animals. 

The staphylococci are classified primarily on the basis of coagulase 
production (p. 137). Coagulase-positive strains, most of which also 
produce a, or S haemolysins, are called Staphylococcus aureus; an 
alternative name preferred by some workers is Staphylococcus pyt^enes. 
Coagulase-negative strains are called Staphylococcus epidemddis, since 
they commonly occur on the skin, or Staphylococcus albus. 

Most strains of coagulase-positive staphylococci grow as colonies 
with a yellow or orange pigment; hence the name Staph, aureus. 
Colour, however, is subject to variation and a significant minority of 
pathogenic staphylococci grow as white or creamy colonies; these 
should be described as white varieties of Staph, aureus but are sometimes 
called Staph, pyogenes var. albus. Occasionally colonies of coagulase- 
positive smphylococci have a lemon colour {Staph, aureus var. dtreus). 
Most strains of Staph, eptdemddis grow as white colonies and in this 
book Staph, albus will be used as an dtemative name for these commen- 
sals. Other coagulase-negative staphylococci have growths coloured 
lemon (dtreus), golden (aurianticus) and red (roseus). 

Most strains of staphylococci isolated from lesions in man and 
animals are coagulase-positive but coagulase-negative strains arc oc- 
caMonalfy ^sociated with infective conditions such as subacute bacterial 
endocarditis and the secondary sepsis of acne lesions. The greater part 
ot toe surface of the healthy human skin yields large numbers of Sta^. 
ep^muhs, md this organism appears to grow and multiply in the 
sebaceous and sweat glands and hair follicles. Certain restnded sites 
on toe skin are colonised by Staph, aureus in 3(M0 per cent, of healthy 
are, therefore, carriers of the organism. The commonest 
^ vestibule (anterior nares). The perineum, 

gr , a ^d, to a less eirtent, the umbilicus may also be colonised. 

staphylococci occur as commensals of the body surfaces 
lera ^ouen^to ^ examined, and lesions, though probably 

less frequent th^ in man, are similar in character. ’ 

Most of toe lesions caused by Staph, aureus are superficial, e.g. boils, 
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Styes and wound infections, l^ess frequently a more extensive infection 
involving deeper tissues may develop, e.g. broncho-pneumonia, osteo- 
myelitis and pyaemia; and occasionally septicaemia and death may 
result from widespread dissemination of the organism from a focus. 

Generally speaking, the staphylococci show a marked degree of 
variation in their biolo^cal characters. This is reflected in the variable 
reaction of many strains to antibiotics and chemotherapeutic agents 
so that the antibiotic resistance of strains of Staph, aureus has become of 
great epidemiological and therapeutic importance. 


STAPHYLOCOCCUS AUBEUS 

Morphology and Statnit^. — Gram-positive spherical cocci arranged 
in irregular clusters, the individual cells being approximately 1 ji* in 
diameter. Single forms and pairs may also be noted. In filma made 
from cultures a certain amount of breaking-up of the clusters occurs anda 
a few short chains may be noted. Long chains are never found. 

Cultural Characters . — ^Aerobe and facultative anaerobe. Temperature 
range for growth 10°— 42° C. ; optimum 35°-37° C. Growth occurs in 
ordinary nutrient media. A uniform turbidity forms in broth cultures. 
Colonies are circular disks, relatively large after 24 hours’ growth with a 
diameter of 2-4 mm. They are opaque and convex with a shining 
surface and may be pigmented white (var. aHus), yellow, golden-yellow 
or golden (var. aureus). Confluent growth appears like “oil-paint”. 

Staphylococci will grow in the presence of 10-15 per cent, sodium 
chloride. The salt may be incorporated in media, making them highly 
selective for Staph, aureus, e.g. 10 per cent, salt broth or 7 per cent, 
salt milk agar (Chapter 47). 

On blood agar the colonies are similar to those on agar but somewhat 
larger. Marked zones of haemolysis appear on sheep or rabbit blood 
agar, particularly in an atmosphere containing carbon dioxide, but are 
small or absent on horse blood agar. 

On MacConkey’s medium colonies are small but show a characteris- 
tic colour due to the yellow pigment being tinged pink by the acid 
change of the neutral red indicator. 

Gelatin is liquefied quickly and coagulated serum slowly. 

On milk agar (Chapter 47) Ae colonies are similar to those on nutrient 
agar, but the pigment is more rapidly formed, more intense, and different 
shades of colour are easily recognised. Areas of clearing around the 
colonies may occur which represent digestion of heat cmigitlated casein 
by staphylococcal proteases. 

Nutrient agar containing one per cent, glycerol monoacetate has 
been used to enhance pigmentation and allow ^fferentiation of Ste^. 
aurnu into groups sltowing different kinds of pigmentation. This can be 
of epidemiolc^;!^ value as strains showing multiple antibiotic resistance 
and belongii^ to certain well-known phage types usually produce yellow 
colonies, whikt strains of miscellaneous pha^types produce orange and 
buff colonies (Willis & Turner, 1963). 
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Another useful indicator medium contains a low concentration 


(1 : 27,500) of mercuric chloride in a peptone agar base. Strains resis- 
tant to this concentration tend to be resistant to antibiotics such as 
penicillin and the tetracyclines, and include the well-known “hospital* * 
strains of phage groups I and III (Moore, 1960). 

Colonies of staphylococci growing on media containing a number of 
biological fluids such as milk or egg yolk, may be surrounded by zones 
of opacity or clearing. Many of these are the result of the action of 
enzymes, e,g. proteinases or lipases. As these en23rmic activities are 
usually associated with the coagulase-positive staphylococci, they have 
been adapted by certain workers in selective media for the isolation of 
pathogenic staphylococci. i; 

Opacity in Medium containing Egg yolk, — Many coagulase positive 
staphylococci when grown in glucose egg yolk broth give a dense opacity 
due to lipolytic activity. This effect can be neutralised by staphylococcal 
antiserum. The reaction is given by a high proportion of human strains 
but only by a few animal strains. Coagulase-negative strains do not give 
this reaction (Gillespie and Alder, 1952). 


Opacity in media containing plasma or fibrinogen may be due to 
coagulase, and also other factors such as the j8-lysin. Frequently 
coagulase-negative strains produce opacity. The test may be made 
more specific for coagulase by incorporating fibrinogen in the medium 
as follows: Make up a 1*5 per cent, solution of bovine fibrinogen in 
saline (Messrs. Armour, Hampden Park, Eastbourne, Sussex). Clarify 
the solution through a filter paper and add a trace of soya-bean inhibitor 
before filtering through a membrane filter (a Seitz filter removes much 
of the fibrinogen). Add 4-5 ml. of the filtered, sterile fibrinogen solu- 
tion to 100 ml. of nutrient agar at 50° C. together with 2-3 ml. of sterile 
human plasma. Store the plates at 4° C. for up to ten days. Dry plates 
before use. Colonies of coagulase-positive staphylococci are easily 
identified by the white halo or ring of opacity which they produce. 
The soya-bean trypsin inhibitor prevents fibrinolysin from digesting 
this opacity and producing a zone of clearing. 

Viability,— thermal death point is about 62° C. for half an hour, 
but some strains are more resistant to heat, withstanding 70° C. for a 
short time. Laboratory cultures survive for months, and in some cases 
for years. Freeze-dried cultures in broth or serum survive for many 
years. Most strains of Staph, aureus are resistant to slow drying and may 
survive for many months in dust in the absence of direct sunlight. Prolong- 
ed survival on textile fabrics is a feature of some strains found in hospitals. 

Staphylococci are readily killed by most antiseptics and disinfectants 
appropriate concentrations in the absence of serum, pus or 
a bummous material, e,g, it is killed in a few minutes by 2 per cent, 
phenol and m solutions containing free chlorine— hypochlorite 
solutions. A concentration of 1 : 500,000 crystal violet is inhibitory to 
staphylococci, and when incorporated in solid culture media, blood 
agar, acts as a selective medium for the isolation of streptococci and 
pneumococci in mixed wound and middle ear infections. Low con- 
en ra ions o brilliant green (1 in 10,000,000) and other organic dyes are 
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bactericidal. Proflavine and acriflavine maintain their effect in the 
presence of serum and pus at concentrations of 1 in 100,000, and 1 in 
1,000 solutions may be safely used in wounds. 

Antibiotics. — As a genend rule Staph, aureus strains are highly sensi- 
tive to most of the antibiotics used in therapy. Growth of these strains 
is prevented by 0'02-0*05 /xg./ml. of benzyl penicillin, 0*5-2 /*g. of 
methicillin, 0*5 Mg./ml. of streptomycin, 1*5-10 fig./vnl. o£ chloram- 
phenicol, 0* 1-1*0 Mg./ml. of tetracyclines and 0*25 /tg./ml. of erythro- 
mycin, dependent to a certain extent on the method of test. 

In the hospital environment, and to a less extent in the general 
community, the proportion of strains isolated from carriers and lesions 
that are resistant to antibiotics used in therapy has increased, roughly 
in proportion to the amount of these substances used. Thus in many 
hospitals today over 80 per cent, of strains isolated are penicillin- 
resistant; 50 per cent, are resistant to streptomycin; 25-50 per cent, are 
tetracycline-resistant; and 5-15 per cent, are resistant to chloram- 
phenicol. Among the general community about 20-30 per cent, of 
strains are penicillin-resistant, and mudi smaller proportions are 
resistant to the other antibiotics. 

The strains of Staph, aureus resistant to benzyl penicillin are resistant 
because they produce the enzyme penicillinase. Penicillinase-producii^ 
strains of staphylococci were originally infrequent but they have been 
selected and have become widespread as a result of the general use of 
penicillin. Staphylococci resistant to other antibiotics probably arise by 
mutation and their spread is favoured by the continued use of these 
antibiotics. The great majority of strains that are resistant to strepto- 
mycin, the tetracyclines, erythromycin and chloramphenicol are also 
penicillinase producers. A minority of strains are isolated which are 
resistant to all of these antibiotics, and drug treatment depends on the 
use of more recently developed antibiotics such as the penicillinase- 
resistant penicillins, Fucidic acid, novobiocin, vancomycin, ristocetin, 
and kanamycin, against which resistant mutants have not yet appeared in 
large proportions. 

Most strains are sensitive to the polymyxins, neomycin, framycetin 
and a number of other antibiotics that are frequently used in topical 
therapeutic preparations and creams to suppress surface carriage of 
Staph, aureus. Some strains are susceptible to the sulphonamides but 
these drugs have little place in treatment. 

Bioclmiacal Reactions . — ^Various carbohydrates are fermented with 
acid but no gas production, e.g. glucose, lactose, sucrose and mannitol. 
Most strains from human sources ferment mannitol, and as Staph, 
fpidermidis and other coagulase-negative strains rarely ferment tiiis 
carbohydrate, mannitol fermentation has been used as a test to indicate 
probable pa^ogenicity. There is no correlation between mannitol 
fermentation and coagulase production in animal strains. Nitiates and 
naethylene blue are reduced. Urea is hydrolysed and catalase is produced. 

Coc^ulase . — ^The production of coagulase is characteristic of Sta^. 
(tureus; this substance is almost certamly an enzyme and a precursor 
°f a thrombindike substance uiiich coagulates blood plasma. The Tube 
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Coagulase Test is a reliable test for coagulase production. Citrated, 
oxalated or heparinised human or rabbit plasma is diluted 1 in 10 with 
isotonic saline or other suitable diluent. Place 0-5 ml. of diluted plaaip ^t 
in each of 2 small test-tubes; to one tube add 5 drops of an overnight 
broth culture or agar culture suspension. Incubate both tubes at 37® C. 
and examine after one hour and at intervals up to twenty-four hours. A 
clot after forming may be lysed at a variable rate so t^t care must be 
taken to avoid a false negative reading. 

Clotting usually occurs within a few hours and indicates that the 
strain is coagulase-positive. The second tube serves as a control and 
should show no coagulation. It is advisable to include tubes containing 
a known coagulase-positive and coagulase-negative strain as coritrols 
in any batch of tests. > 

Slide Coagulase Test. — ^An alternative technique is to carry our the 
test on a microscope slide as follows. Divide the slide into two sections 
with a grease pencil. Place a drop of normal saline on to each area- 
emulsify a smdl amount, e.g. one or two colonies from an agar plate] 
of the test strain in each of the two drops to make a smooth suspension! 
Add a drop of imdiluted human or rabbit plasma to one of the drops and 
stir gently with a wire. Clumping of the orjganism results if the strain is 
coagulase-positive because fibrinogen precipitates on the cell surfaces, 
causing them to stick together. The factor causing this is the “clumping 
factor”, or “bound” coagulase, which is attached to the cell and acts 
directiy on the fibrinogen (Duthie, 1954). (The tube test measures 
“free” coagulase which requires an accessory factor present in the 
plasma.) The second drop is a control to show spontaneous granularity 
of the strain which if it occurs invalidates the test. 

TWs slide test is fairly reliable, though false positive reactions 
occasionally occur. Doubtful results are best confirmed by a tube test. 
A small number of strains give a positive slide test and negative tube test 
due to the production of “bound” coagulase alone which is not detected 
by the tube test. 


Phosphatase Test. It has been found that there is a certain degree 
of correlaton between phosphatase and coagulase production in staphy- 
lococci. The detection of phosphatase in direct plate cultures has 
been suggested for the exclusion of non-virulent strains and as a sub- 
stitute for the coagulase test, e.g. in cultures obtained from possible 
earners of pathogenic (coagulase-positive) staphylococci. For this 
puipose an a^ medium incorporating phenolphthalein diphosphate is 
Si, producing phosphatase liberate free phenolphthalein 

w^ch can then be detected by exposing the plate culture to ammonia 
va^ur, when the growths become bright pink (Barber and Kuper, 


CAuraeferf.— There are protein antigens common to both 
non-pathogemc staphylococci, but sera prepared against 
SinveSis agglutinate non-pathogenic strains, and the 


prepared against a selection of coagu- 
positive strains can be used to distinguish a number of groups or 
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types of Sta^. aureus. Using simple slide agglutination and i^glutinin- 
absorbed sera, Cowan (1939) recognised three types (I, II and III). 
Six further types were added by Christie and Keogh. Other systems 
of classification on die basis of agglutination tests have been described 
by Hobbs (1948) and Ceding (1952). 

The tj^ing of strains by these agglutination techniques has been 
used in epidemiological studies of outbreaks of staphylocoW infection, 
but on the whole die information has not been as satisfactory as diat 
obtained by phage ^ing (p. 67). 

Precipitin reactions show that at least two serologically distinct 
carbohydrates occur in staphylococci, one characteristic of pathogenic 
strains and the other of non-pathogenic strains. 

The diffusible toxins of different strains of Staph, aureus appear to 
be serologically identical with the exception of coagulases of which at 
least three distinct antigenic types have been described. 

Pathogenicity. — ^Although all strains of Ste^h. aureus are potentially 
pathogenic to man or animals there is evidence of marked difference in 
virulence. Thus certain strains are associated with the ability to cause 
sepsis and have “marker characteristics” such as phage t 3 q)e or pattern 
{e.g. type 80), antibiotic-resistance (e.g. tetracycline-resistance), 
resistance to mercury salts, and frequency of appearance in epidemics. 
Such strains have been termed “epidemic strains”, and form a small 
minority of all strains. In contrast endemic strains which appear only 
sporadically in outbreaks of infection involving more than one case are 
usually different in their characters. The characters of the epidemic 
strains may be contributory to survival outside the body since such 
survival is important in the perpetuation of the strain, and it has been 
shown that 'epidemic strains’ survive differentially on textile without 
loss of infectivity. 

Strains of Staph, aureus isolated from human lesions are actively 
pathogenic to rabbits; thus a small quantity of culture injected sub- 
cutaneously produces a localised abscess, and intravenous inoculation 
leads to either septicaemia or pyaemia with multiple abscesses in the 
kidneys, lungs, myocardium or other organs. Mice and guinea-pigs can 
also be successfully infected, but are less suscqitible th^ rabbits. 

Many strains of Staph, aureus are strongly toxigenic; they are 
haemolytic (when mixed with suspensions of red celk), kill and lyse 
leucoc^es (when added to a preparation of leucocytes), produce 
necrosis of tissue (when injected into the skin), and exert a rapidly 
lethal effect on intravenous injection. Thus hamofysm^ leucmdin, 
leucolysin, necrotoxin and lethal toxin activity can be demonstrated in 
cultures. In addition, certain strains produce j/iMiolysm and hyaktroid- 
dase which are distinct from those produced by streptococci (p, 150). 
As yet the part played by these toxic factors in natural infections has not 
been eluddated. The digration of the dot formed by coagulase is due 
to a fibrinolytic agent, staphylokinaae, whi<^ activates a protease, 
plasmin, present in human and animal plamna. 

A considerable number of distinct staphylococcal luiemol^^dns have 
been described but among those derived from coi^lase-positive strains 
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only 3 have as yet received general recognition. These are the a, ^ and 
8 haemolysins. Elek (1959) has drawn attention to the production of 
haemolysin by a number of coj^lase-negative strains and for this toxin 
has su^sted the designation e haemolysin. Such strains have been 
isolated from low-grade infections but their toxin was non-antigenic 
(McLeod, 1963). 

The a-lysin produces rapid lysis of rabbit and sheep red cells at 
37°C.; the ^lysin lyses sheep cells, the effect being progressive at room 
temperature {e.g. after the test mixture of blood suspension and culture 
filtrate have been removed from the incubator and allowed to stand 
overnight at room temperature); and S-haemofysins have also been 
defined and can be demonstrated by testing with human or horse ted 
cells. The o, )8 and 8 lysins are antigenically distinct. The o-haeipo- 
l)rsin may be responsible for the necrotic and lethal effects of filtrai^s 
referred to above. The o and 8 haemol 3 rsins seem to be characteristic 
of strains of human origin and are generally associated with coagulase 
production. Coagulase-negative strains do not produce them. /3-lysin 
is produced by strains of animal origin, many of which also produce 
a and 8 lysins. 

The method most successfully used for obtaining a and /3 haemo- 
lysins is growth for several days in fluid or semi-fluid media exposed to 
air reinforced in its content of COj. The production of haemolysin 
is promoted by the presence of magnesium salts in the medium. 8 
haemolysin is most readily produced by growing the staphylococcus on 
the upper surface of cellophane sheets lying in contact with the medium. 
The toxin is obtained after 1 8 hours’ incubation by washing off the growth 
on the upper surface of the cellophane with saline, centrifuging the 
organisms and collecting the supernatant fluid. 

Certain strains of Staph, aureus produce an enterotoxin which is 
different from the other staphylococcal toxins. It is thermostable 
and can resist boiling for a short period. When ingested this toxin 
produces a gastritis or gastro-enteritis in man and is a common cause of 
food potsotdug. Unfortunately there is no satisfactory in-vitro or animal 
test for demonstrating this toxin. It is believed that most food poisoning 
strains belong to phage group III. 

Paffiogenesis. — Staphylococcus aureus is a common conunensal of the 
nasal vestibule, and also of the skin, particularly those areas with apocrine 
glands, the groin, perineum and axilla. The organisms may be isolated 
in large numbers from the anterior nates of 30-40 per cent, of the healthy 
adult population, from the groin and perineum of 10 per cent, and less 
frequently from other areas. It may also colonise the nasophaiynx, 
though this is more common in babies and young children. In a 
minority of persons quite large numbers of Staph, aureus may be isolated 
from the faeces. 

In hospitals the proportion of members of staff whose anterior nates 
^ colonised with Staph, aureus is usually higher (50-60 per cent.) than 
in the general population, and patients in hospital tend to be colonised 
dependmg on the length of their stay. Young babies arc extremely 
susceptible to colonisation by the organism, and 80-100 per cent, of 
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infants bom in hospital yield large numbers of Staph, aureus from the 
anterior nares and, less frequently, from the throat, umbUicus and &eces 
on discharge eight to ten days sdter birth. 

Numerous staphylococci are found in the air and dust and on clothing 
and fomites. A variable proportion of these will be Staph, aureus, 
depending upon the site. Thus the relative and absolute number of this 
organism is greater in the hospital enviromnent than in the home, and 
the environment reflects the rate of dissemination of the orgaiusm from 
human sources. Staph, aureus is also a commensal of most domestic 
animals. 

Staph, aureus occurs commonly in pyogenic lesions in the human 
subject. The great majority of these infections are superficial inflam- 
matory lesions with pus formation such asskin pustules, boils, carbuncles, 
blepharitis, styes, impetigo, and pemphigus neonatorum and “sticky 
eye” in babies. It is a common cause of wound suppuration and of 
mastitis in lactating mothers. It may be present in large numbers in the 
skin lesions of enzeme and psoriasis. More serious and deep-seated 
infections are osteomyelitis, renal carbuncle, peri-renal abscess, broncho- 
pneumonia and localised abscesses. In a minority of cases pyaemia, 
septicaemia and malignant endocarditis may result from spread from a 
primary focus. 

Cases of food poisoning are frequently due to the enterotoxin pro- 
duced by staphylococci growing in certain articles of food, such as 
cooked meats, milk and milk-products (cream-cakes, custard, ice- 
cream), fish and gravies. These foods are most frequently contaminated 
by food-handlers, although when milk and milk-producers are respon- 
sible the staphylococci may have been derived from the milk itself, e.g. 
from an udder lesion in the cow. The production of the toxin depends 
upon suitable conditions (time, temperature, moisture) for the growth of 
the organism in the food. 

Inflammatory and suppurative lesions similar to those found in the human 
subject are found in animals, though on the whole they are less frequent, e.g. 
mastitis in most species of domestic animals; pyaemia associated with ti^ 
infection in lambs; and septicaemia and arthritis in poultry. In the condition 
of “botryomycosis” in horses {Stapl^lococcus ascoformans) the cocci are 
frequently capsulated in the tissues and, especially in chronic lesions, occur 
in zoo^ea-like masses or clusters. These aggregates may resemble in naked- 
eye appearance actinomycotic “granules” (p. 303). In culture, csqwules are 
not seen and the organism resembles Staph, aureus in its generd diaracters. 
A similar staphylococoil infection, sometimes pathologically resembling 
actinomycosis, may occur in the udders of cattle and pigs. 

Epidemiology. — ^The sources of Su^fyhcoccus aureus are persons 
who are carriers or stiffering from lesions. Less important sources are 
animals and inanimate material in which the organism is capable of 
growth, e.g. contaminated foodstuffs under suitable growth conditions. 

Hedthy carriers or persons with lesions disseminate the organism 
pver their skin surfaces and impr^nate thmr dothes. The environment 
>a contaminated by direct contact, e.g. by direct ctmtact via the hands, 
or by the distribution contaminate particles from the ^in and cloth- 
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it|g which occurs during niovcnicntj snd in use of the hsndherchief* hlew 
hosts are infected by direct contact, or indirectly from the contamin> 
ated environment. 

A proportion of staphylococcal lesions are due to autogenous infec- 
tion such as occurs when a carrier contracts a lesion due to Qie same ti^pe 
of staphylococcus as is present in his anterior nares. In other cases Ae 
source of the organism is exogenous and cross-infection takes place. 
Autogenous infections are commonest among the general population; 
the phage “types” of Staph, aureus producing these infections are 
diverse and most of the strains are sensitive to penicillin and other anti- 
biotics. Cross-infection is more common in hospitals; a limited number 
of types are involved in any one hospital and the majority of mese 
strains are resistant to penicillin and frequently to one or more o^ the 
other antibiotics (see Williams et al., 1960). ^ 


Laboratory Diagnosis 

Examination of Material from Lesions. — ^This is most conveniently 
carried out by sampling the pus or exudate with a sterile swab, or if 
there is sufficient material, collecting it in a capillary or test-tube. Blood 
agar and milk agar are inoculated and a Gram-stained film is prepared. 
After overnight incubation the plate cultures are examined for colonies 
morphologically resembling Staph, aureus. Representative colonies are 
examined for coagulase production (and haemol 3 rsins if desired). 

Subcultures of representative colonies are made in nutrient broth 
and these may be used to measure antibiotic sensitivity and determine 
the phage type. 

Recognition of Carriers. — Swabs are taken from the anterior nares, 
perineum or other suspect site and plated on suitable medium such 
as milk agar. Occasional colonies of Staph, aureus probably indicate 
transient contamination of the surface that has been sampled. A large 
number of colonies or confluent growth indicates true colonisation 
characteristic of the carrier. A persistent carrier state may be con- 
firmed by examining three swabs taken at weekly intervals, as the pres- 
ence of Staph, aureus may be intermittent in some persons. 

Serological Diagnosis. — Normal serum frequently agglutinatesstaphy- 
lococci in low titre. In staphylococcal infections the litres may be 
quite high, but the results are too variable to be of diagnostic value. 
Various other antibacterial antibodies can be demonstrated in the sera 
of animals immunised with Staph, aureus, but their relationship to 
disease is not clear and little of clinical value can be learnt from meir 
presence in the sera of patients. 

Assis^ce in the diagnosis of suspect cases of deep-seated staphy- 
lococcal infections such as bone or kidney disease may be obtained by 
estimating the serum titre of anti- a haemolysin. 

Airti-Sti^ylolysin test 

Rejittreifwnto.— 0-1% gelatin saline. 

Standard stodc a-haemolysin (obtainable from Burroughs Wdleoroe) 
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solution is prepared by diluting accordi^ to the stated unitage on the 
bottle, to 20 units per ml. with 0-1% gelatin saline, and may be preserved by 
the addition of merthiolate. Before the test this is further diluted to 2 units 
per ml. with gelatin saline. 

Red cell suspension — ^freshly drawn rabbit red cells are washed 3 times, 
packed and suspended in 0*1% gelatin saline 10% v/v 
Patient’s serum is inactivated at 56®C. for 30 min. 

Test — ^The reagents are added to a series of test tubes as follows 


Tube 

0*1% gelatin saline 
Patient’s serum 

Haemolysin 
Equivalent contents 
of haemolysin 


o©©©©@©®@®@@ 

— OS OS OS 0-S 0-6 OS 0-5 0-S 0-5 0-5 0-5 


0-S 

OS 


OS 05 0-5 OS 



0-4 0-S O-S O S 



0-S 0-S 0-5 0-5 0-5 0-5 0-5 0-5 


0-5 


0-5 — 


2 4 8 16 32 5 10 20 40 


The tubes are now shaken and allowed to stand at room temperature 
for 30 minutes after which 0-1 ml. of the rabbit cell suspension is added to 
each tube. The tubes are gently shaken and placed in a 37°C. water bath for 
1 hour. Next add 3 ml. of saline to each tube. Centrifuge all tubes and read 
the degree of haemolysis. The tube showing 50% haemolysis is the end 
point and the reciprocal of this dilution is expressed as the titre in units per 
ml. There should be no haemoly^ in the serum control (tube 10) or samie 
(tube 12), and 100 per cent, haemolysis in the haemolysin control (tube 11). 

Normal titres range from 0-2 units. A litre of more than 2 units, 
and especially a rising titre is more significant, but the absence of demon- 
strable antibody does not exclude staphylococcal disease. 

Chemotherapy. — Owing to the variable susceptibility of strains of 
Staph, aureus to antibiotics it is advisable to carry out antibiotic sensiti- 
vity tests on the causative organism whenever possible. Guidance as 
to the best antibiotic to use can be obtained most qtiickly by the use of 
the primary sensitivity test (Chapter 53). Benzyl penicillin is effective in 
the majori^ of staphylococcal infections in the general population which 
require antibiotic therqiy but infections occurring in hospital ue not 
usually amenable to penicillin therapy. Combinations of antibiotics 
^ve been recommended by several workers for the treatment cff patiovts 
infected with strains resistant to multiple antibiotics. The best combi- 
nations can be determined only by laboratory tests. 

Pn^hylaxia. — ^The prevention of staphylococcal infection depends 
on (a) preventing the dissemination of the organisms firom op«i lesions 

dangerous carriers, (b) reducing the numbers of the organism in 
reservoirs in the enviromnoat and (c) preventing aeons to susceptible 
hosts. 

(c) Staphylococcal lesions must be carefully treated and covoed 
with impervious dressings. In hospital, strict aseptic techniques in 
dressit^ leuotu and isolation nursing should be carried out wherever 
possible. 

Staphylococci growing at carrier utes, $.g. tin antnior iuures» may 



144 


medical microbiology 


be suppressed by applying antibacterial creams wntaimng anobiotics 
such Js neomycin or bacitracin, or antiseptics such as cWorhexidine or 
hexachlorophene. This eliminates or reduces contamination of the 
carrier’s skm, handkerchief and clothmg and reduces dis^mation to 
the environment. Frequent washing of the hands with antiseptic 


reduces spread by contact. ... . , 

(b) The number of staphylococci in the envuonmental reservoirs 

may be controlled by means designed to reduce dust— oiling of Boors 
and blankets, damp dusting and sweeping, the use of vacuum cleaners 
(fitted with filters), cleaning of surfaces with disinfectants. Surgical 
theatres can be equipped with efficient air filtration and positive- 
pressure ventilation systems. Ultra-violet light may be used to reduce 
bacterial counts in closed environments. ... \ 

(c) Patients known to be susceptible to infection with Staph, tmeus 
{e.g. cases of influenza, chronic bronchitis) should be nursed away from 
likely sources of the organism. The administration of antibiotics 
frequently renders patients more susceptible to colonisation or infection 
with antibiotic-resistant strains. The use of antitoxin is generally 
thought to be of little value. 

Immunisation.— For the treatment of chronic or recurrent staphy- 
lococcal infections, stock and autogenous vaccines have been extensively 
applied in the past, but with variable success. Staphylococcal toxoid has 
also been advocated for immunisation in such cases, again with variable 
results though it has proved useful in the treatment of pustular acne. 


Staphylococcus albus {Staph, epidemidis) 

Morphologically and culturally this organism is similar to Staphy- 
lococcus aureus. Colonies are porcelain white or creamy in colour. It 
does not produce coagulase and is best distinguished from Stafdi. 
aureus var. albus in this way. 

This organism is much less active than Staph, aureus in its liquefac- 
tion of gelatin and fermentation of sugars; on blood agar colonies may 
or may not show zones of haemolysis. Most strains fail to produce any 
haemolysin. 

It occurs as part of the normal flora of the skin. Whilst regarded as 
non-pathogenic, it has been reported in lesions such as acne pustules, 
“stitch” abscesses and urinary tract infections, and rarely in more serious 
lerions, e.g. subacute bacterial endocarditis. 

Staphylococcus citreus . — A relatively uncommon and mainly sapro- 
phylK type of organism; does not liquefy gelatin, is coagulase-negative 
and is distinguished by its lemon-yellow colour. 

Otiher Gram-Positive Cocci 

A great variety of these occur as saprophyrtes in nature and may be 
met with often as contaminants of plate cultures, being derived frian air 
and dust Some resemble staphylococci in morphology, others appear 
in the form of tetrads or packets of eight {Sarcinae). Cokmks of growth 
resemble those of the staphylococci and some species are chromogeniCi 
producing coagulase and are non-toxigenic. An example of *hia fptoop 
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is Sarcina characterised by its yellow growth and widely used in 
assay of antibiotics, notably the penicillins. Another is Micrococcus 
ureae which is found as a contaminant in urine and converts urea to 
ammonium carbonate; it is non-chromogenic. 

Gaffkya tetrs^ena (Micrococcus tetragenus) 

Morphology and Stainir^. — Gram-positive spherical cocci in tetrads, 
each cell being about 1 in diameter, and capsulated when in tissues. 

Cultural Characters. — ^Aerobe and facultative anaerobe. Optimum 
temperature 37°C. ; grows well on ordinary media and colonies resemble 
those of Staph. aSm. Gelatin is not liquefied. 

Occurrence. — It is a commensal of the mucosa of the upper respira- 
tory tract and can be isolated from suppurative lesions of the mouth, 
neck and respiratory tract, e.g. dental abscesses, cervical adenitis, 
pulmonary abscess and rarely endocarditis. 

Cultures of Gc^kya tetragerui are often pathogenic to the mouse, 
producing a generalised infection. Thus it may sometimes be isolated 
from mixed cultures by injecting this animal. Rabbits and guinea-pigs 
show only localised lesions. 

BACTERIOPHAGE TYPING 

Bacteriophage typing (page 67) may be used like serological typing, 
for the precise identification of strains of bacteria within a genus or 
species, e.g. Salmonella, Staphylococcus and Pseudomonas, and is of 
considerable value in the epidemiological study of outbreaks of infection 
due to these organisms. If the reaction between the phage and corres- 
ponding strain of bacterium were specific the interpretation of results 
would be easy and allow of designation of type according to the active 
bacteriophage. However most staphylococcus and pseudomonas phages 
are active against a number of different strains, so that “patterns” of 
lytic activity are usually observed. These patterns are reproducible 
within narrow limits and determine the ‘phage type’ of the particular 
strain. 

Source of the Typing Phenes. — Phages isolated from lysogenic strains 
of Staph, aureus are the most suitable for typing and are selected on the 
basis of the specificity of their host range. A number of staphylococcal 
phages are recognised internationally as a basic typing set, and these 
have been numbered accordingly. These phages are grown on suscept- 
ible host strains of Staph, aureus (propagating strains), which are 
numbered accordingly to the phages widi the prefix PS, e.g. PS 52. 
Both the basic typing phages and the propagating strains of Sta^. 
aureus are obtainable by accredited laboratories from the Cross-infection 
Reference laboratory, Colindale. There are four ^oups of these 
phages, and patterns of lysis most frequently involve lysis with phages of 
one group and less frequendy phages of (Merent groups are found to 
lyse one strain ctf staphylococcus. TUs is particularly true if the phage 
filtrates are used relatively dilute (e.g. at routine test dUutkm-— R*IT) 
^de infra). Patterns t«id to be wider vrhea undiluted phage filtrates 
are used. 
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The phages in each of the groups are shown in the table and the 
designations of some of the types of staphylococci lysed by them. 


Phage 

Group 

Individual Phages 

Common phage types 
of staphylococci 

I 

II 

III 

IV 

Unclassified 

29; 52; S2A; 79; 80 

3A; 3B; 3C; SS; 71 

6; 7; 42E; 47; 53; 54; 75; 
77; 83 A 

42D 

81; 187 

29; S2/S2A; 52/52A/80/81 ; 80 
3A/3B/3C; 3C/55. etc. 
6/7/47/53/54/75/77 and many 
others, usually complex 


Medium for Propagation and Typing with Phages , — Digest broth With 
the addition of 400 mg. of CaClg per litre may be used for propaga^ng. 
For solid media for both propagating and typing digest broth contaiiiing 
0-7 per cent, powdered agar (i.e. sufficient to give a rather soft gel), is 
used. 


Propagation of Bacteriophages , — Propagating strains of Staph, aureus are 
cultured in nutrient broth from freeze-dried stock preparations. To reduce 
the chance of contamination and variation occurring in both phage and 
propagating strain it is best to start the preparation of each batch of phage 
from freeze-dried stock. 

Basically two methods are used to propagate phages. The simpler is the 
broth propagation method which can be used to obtain suitable titres of the 
majority of the basic set of typing phages (Blair and Williams, 1961). The 
propagating strain is grown at 37® C. overnight and added to a nutrient broth 
to ^ve a final dilution of 1 . 100: phage is then added to give a dilution 
equivalent to the RTD (see below). The mixture is then incubated with 
shaking at 37° C. for 6 hours after which the lysate is centrifuged and the 
supernatant collected. This supernatant is titrated by decimal dilution and if 
suitable may be filtered and stored at 4° C. 

When higher titres are required, and particularly with phages 29, 42D, 
47, 52, 52A, 79, 80 and 187, propagation on solid media is preferable. One 
such is the freeze and thaw method of Williams and Rippon (1952). Petri 
dish^ are poured to a depth of 5 mm. with digest agar. The surface of this 
medium is inoculated with an overnight broth culture of the propagating 
strain, using a sterile glass spreader to distribute the minimum number of 
drops that will give confluent growth. When the culture has been absorbed 
into the agar, the phage, reconstituted in broth from freeze-dried material, is 
^read overall save a small segment of the surface of the inoculated medium. 

• u ^ ^ control area. The plates are then incubated at 30° C. over- 
mght. The concentration of phage particles in the inoculum should be 10-100 
tim^ that required to produce confluent lysis of the propagating strain. 

Followmg incubation the control area is examined; this must show no 
evidence of spontaneous lysogenicity of the propagation strain otherwise the 
plate must be discarded. If clear, the control area is cut out with a sterile 
^e me remaining agar frozen by holding at -60° C. for one hour. 
Aror ireezmg, the agar is allowed to thaw at room temperature, when the agar 
extrusion of fluid. The fluid is separated, centrifuged to 

by applying 0-02 ml. drops of 
decunal dduuons in peptone water to the surface of a digest agar plate 
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previously seeded with the propagation strain. Individual plaques of lysis 
indicate the activity resulting from single phage particles, thus a plaque count 
gives the number of pha^e particles in a preparation. Wien the plaques are 
numerous they coalesce into confluent lysis. The highest dilution of a phi^ 
preparation producing lysis which is almost confluent is generally referred to 
as the Routine Test Dilution (RTD). 

If the titre is satisfactory (i.e. RTD greater than 1 : 1000) the phage 
preparation is filtered, preferably through a sintered glass fflter (“5/3*') to 
remove remaining bacteria. The sterile filtrate is re-titrated to check on loss 
of potency during filtration. The identity of the phage is a^ checked 1^ 
spotting drops of the luidiluted filtrate on plate cultures of a set of indicator 
strains to confirm that the lytic spectrum (host range) has remained unchanged. 
Stock, undiluted filtrates of phage are stored at 4° C. and samples are freeze- 
dried for future propagation. 

For typing purposes the phage filtrates are used most often at their RTD 
or at RTD x 1000. These dilutions are prepared weekly and stored in the 
refrigerator. 

The Typing Technique . — Either ^5 hour or overnight nutrient broth 
cultures of the strains of Staph, aureus to be typed are flooded on to the 
surface of Petri dishes cast with any good nutrient medium to give a 
total depth of 2-3 mm. of medium, and excess culture is removed. The 
plates are allowed to dry at room temperature with their lids partly 
removed, and when absolutely dry, are ready for the application of phage. 

The typing phages may be applied manually with fine capillary 
pipettes delivering approximately O-Ol ml. in which case a grid with a 
number of squares corresponding to the number of ph^es in the typing 
set (approx. 25) is marked on the bottom of the Petri dishes. Drops of 
the tj^ing phages are applied in a constant order but care must be ^en 
not to touch the plate when applying the filtrates, since any of the test 
strains may be lysogenic and carry over may result in non-specific lysis. 

A more rapid method is to use a machine* which delivers the phages 
simultaneously via a battery of stout loops to the surface in a fixed and 
uniform pattern. This obviates the necessity of marking the plates 
providing an orientation mark has been made, and several hundred 
plates may be inoculated with phage in an hour. 

The inoculated plates are allowed to dry and are incubated at SO^C. 
overnight, or alternatively at 37°C. for 6 hours. Next day the plates 
are examined in a good light and each square of the typing grid examined 
for lysis which may be reported as follows: 

+ 4- + strong reaction— confluent lysis with or without phage 
resistant growth. 

+ + moderate reaction — 50 or more plaques 
+ weak reaction — up to 50 plaques. 

The complete pattern of lysis for each strain is recorded. If no 
reaction is apparent with any of the ph^es the strain is reported as non- 
typable, but may be tested again wiA stronger preparations of the 
phages and reactions obtained. 


* Obtainable from Meaara Biddulph & Son* Manchester* 
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STREPTOCOCCUS; LACTOBACILLUS 

Streptococci are Gram-positive, spherical or oval cells arranged in 
pairs or chains of varying length; each cell is approximately in 
diameter, non-motile, non-sporing and may be capsulate. 

Classification of the Streptococcus genus presents difficulties. The 
majority are aerobes or facultative anaerobes, but there are species 
that are anaerobic or micro-aerophilic. The aerobes may firet be 
divided into those that produce a soluble haemolysin and those that 
do not. The first of these groups usually produces a clear zone of 
haemolysis on fresh blood agar — beta (/8) haemolytic — includes most 
of the species associated with primary streptococcal infections in man 
and animals. They can be subdivide into broad groups according to 
the chemical nature of the carbohydrate (or C antigen) contained in the 
body of the organism (Lancefield groups). Strains that belong to 
Lancefield’s group A are responsible for over 90 per cent, of human 
streptococcal infections and they can be further divided into Griffith 
types according to their surface protein antigens (M, T and R). The 
non-haemolytic varieties may be divided into two broad categories 
according to their effect on blood agar or heated blood agar. Those 
that produce a greenish pigmentation with a narrow zone of partial 
haemolysis are called alpha (oc) haemolytic or Streptococcus viridans and 
it must be understood that these strains do not produce a soluble 
haemolysin. Those without effect on the blood-containing medium 
may be called non-haemolytic ot gamma (y) type streptococci and include 
the faecal streptococci {Streptococcus faecalis). Whilst most of the 
Lancefield group A streptococci {Streptococcus pyogenes) produce 
^-haemolysis, some variants are non-haemolytic. Conversely, a variant 
of Strept. faecalis (Lancefield group D) may be actively haemolytic on 
blood agar, although it does not produce a soluble haemolysin. 


STREPTOCOCCUS PYOGENES 
(GROUP A STREPTOCOCCUS) 

Morphology and Staining . — ^As above. 

Cultural Characters . — Aerobe and facultative anaerobe; tempera- 
ture range, 22““42° C.; optimum 37° C.; grows on ordinary media 
but better on serum- ot blood-containing media. 

Blood agar — colonies are O'5-l mm. in diameter after twenty-four 
hours’ incubation; drcuUr, discrete, semi-transparent, low-convex 
disla, showir^ jS-haemolysis on fresh blood agar plates. Virulent 
strains isolated from lesions give a matt type of colony, whoess 
avirulent struns produce glossy colonies; a mucoid colony type is also 
encountered and corresponds in virulence to the matt type. 

VudtXty.-— The thermal death-point is about 54° C. for half an hour. 
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The organism can survive for days, weeks or months in dust, particularly 
if protected from daylight; laboratory cultures do not survive for long 
iinlpsa stored at c. 3-5° C., preferably in blood broth or cooked-meat 
Tnpidnim. Like staphylococci, Strept. pyogenes is highly sensitive to the 
antispetic dyes, e.g. proflaAune, but is more resistant than staphylococd 
to crystal violet; it is sensitive to sulphonamides and to a wide range 
of antibiotics. It is more sensitive to bacitracin than o^er haemol^c 
streptococci and this phenomenon can be used for preliminary grouping. 

Biochemical Reactions . — ^These have, in the past, been extensively 
used for the differentiation of |3-haemolytic 8trepto(»cd but have largely 
been replaced by serological procedures; certain reactions can be 
employed to recognise species within a particular serological group. 

Antigenic Characters. — ^/3-haemolytic streptococci can be allocated to 
one of 15 serological groups (A-Q; no groups designated I or J) b^ed 
on the group-specific carbohydrate antigens, present as structuial com- 
ponents of the cell wall; these can be extracted in soluble form and 
identified by precipitation reactions with the corresponding antisera. 
The groups are, in general, related to various animal hosts; the majority 
of strains from man belong to group A. 

Group A streptococci also possess one or more additional antigens 
(M, T, R) of a protein nature. M antigens are type-specific, located at 
or near die cdl-surface whence they can be removed with trypsin 
without destroying the organism; they resist heating at low pH, e.g. 
pH 2 for thirty minutes at 100° C. M antigens occur in organisms 
producing matt or mucoid colonies but are absent from glossy, avirulent 
colonies. 

T antigens, so-called because they were originally considered to be 
type-specific, frequently occur along with M antigens, but they are 
distributed independently of the latter and are not type-specific. Unlike 
M antigens, the T antigens resist digestion by proteolytic enzymes and 
are destroyed by heating at an acid pH ; they occur in avirulent as well 
as in virulent strains and can be detected in intact streptococci by means 
of agglutinating antisera. 

R antigen was long regarded as a unique, type-specific M protein 
characterising type-28 strains; but a similar, serologically distinct, R 
antigen occurs in tjrpe-S strains; the importance of R antigens lies in 
their liability to confose type identification. 

The serological techniques involved in group and type identification 
of Strept. pyogenes are dealt with on pp. 159-61. 

Pathogenicity. — ^Recently isolated cultures are usually pathogenic 
to rabbite, mice and guinea-pigs, producing local infiammatmy and 
suppurative lesions on subcutaneous inoculation; intravenous injection 
usually remits in septicaemia with the formation of multiple pyacmic 
abscess^ if the aninial survives. The pathogenicity of group A strep- 
tococci is dir^tly related to the M protein content rather than to specific 
exotoxins {vide infra)', the latter cannot be effective until the oiganiam 
has successfully estoblished itself in the host tissues. 

^rum containing M antibodies has a protective effect against in- 
fection with the homologous serotype; T and R ant^jens have no 
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known relationship to virulence and their antibodies have no protective 
influence in experimental infections. 

The virulence of group C streptococci for mice is related to the 
production of capsules composed of hyaluronic acid; the injection of 
hyaluronidase protects mice again 1,000-100,000 MLD of such 
strains, whereas it has very little protective value against experimental 
infection with ^oup A streptococci. Yet the hyaluronic add of the 
capsules of strains belonging to groups A and C is chemically identical, 
and equally large capsules, composed of this polysaccharide, are formed 
by streptococci of both groups. 

In addition to the cellular constituents mentioned above, Strept. 
pyogenes produces several exotoxins. Two distinct haemolysim can be 
recognised; O-streptolysin which is oxygen-labile but can be reacti- 
vated by reducing agents and is produced in serum-free broth; and 
S-streptolysin, which is not oxygen sensitive and not produced in 
serum-free broth. These two streptolysins are antigenically distinct 
and both are toxic to animals; the S-streptol)^in is responsible for 
jS-haemolysis occurring on blood agar cultures grown aerobically. 

Leucoddal activity can be demonstrated in vitro with culture filtrates 
of Strept. pyogenes; streptococcal leucocidin may be identical with the 
O-streptolysin. 

Fibrinolysin (streptokinase) is present in culture filtrates of recently 
isolated strains and causes rapid lysis of human fibrin in vitro. 

Hyaluronidase is produced by many strains; this product gives in- 
creased permeability of tissues by hydrolysing hyaluronic add, which 
forms the cement substance in tissues. 

Erythrogenic toxin is so designated because it produces an erythema 
when injected intradermally in susceptible persons or animals. The 
role of this toxin in scarlet fever is dealt with below. 

Pathogenesis. — Strept. pyogenes is the principal aetiologic agent in 
tonsillitis and scarlet fever and the organisms can be isolated in large 
numbers from the throat; on recovery, the patient may continue 
to harbour the organi sms for varying periods. A feature of strepto- 
coccal infection is its tendency to spread locally to neighbouring tissues, 
e.g. from the throat to the middle ear, or by Ae lymphatics to regional 
l^ph glands. Strept. pyogenes also causes primary skin infections 
(impetigo, eiysipeli^) and occurs in infected wounds (cellulitis) and 
burns, puerperal sepsis, localised abscesses and in suppurative adenitis, 
otitis media, mastoiditis, arthritis, etc. Health individuals may act as 
carriers of Strept. pyogenes, the site of carriage con^only bo^ &e 
throat and less frequently the nose; secondary octensive contamination 
of the body and clothing of the carrier may occur, particularly if he is a 
oasal carrier. 

Strept. pyt^enes is also causally related to acute rheumatism and 
acute glomerulo-nephritis {q.v.). 

Scarlet Fever (Scarlatina) 

Group A streptococd of any serotype may cause this disease pro- 
'^ded that the <rtndn produces erytihrogenic toxin snd the host l ades 
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immunity to the latter. The site of infection is usually in the upper 
respiratory tract, most frequently on the tonsils; the terms puerperal 
and surgical scarlet fever are employed when the primary lesion is in 
the puerperal uterus or in a wound or bum. 

The Dick Test is a biological test which determines the immune 
status of an individual to erythrogenic toxin ; it is performed by inject- 
ing intradermally, 0*2 ml. of a standardised preparation of erythrogenic 
toxin (Dick Test Toxin) in the flexor surface of one forearm and, as a 
control, a similar volume of the same material previously heated to 
destroy the erythrogenic toxin (Dick Control Fluid) may be injected 
into the skin of the other forearm. I 

In a positive (susceptible) reaction, an erythematous area at deast 
1 cm. in diameter appears at the site of the test toxin injection within 
six to sixteen hours and begins to fade in the next twenty-four hoiirs; 
the control fluid injection site shows no response. 

Dick testing was employed particularly to test the immune status of 
nursing and medical attendants in scarlet fever units as a preliminary to 
active immunisation of positive reactors with erythrogenic toxin. This 
latter procedure is no longer undertaken and Dick testing is rarely 
performed. 

Schultz-Charlton Reaction . — This reaction is occasionally employed 
clinically to assist diagnosis in doubtful cases of scarlet fever. It was 
originally performed with serum from convalescent cases of scarlet 
fever; such serum, containing erythrogenic antitoxin, when injected 
intradermally in a patient with a scarlatinal rash causes a local blanching 
or extinction of the rash within six to eighteen hours. In practice, the 
test is now performed with antitoxin obtained from animals which have 
been actively immunised with erythrogenic toxin. 

Acute Rheumatism 

The aetiologic relationship of group A streptococcal infections to 
acute rheumatism was first postulated on clinical grounds more than 
sixty years ago. Early attempts to isolate such strains from the blood 
stream and affected tissues did not succeed, but confirmation of the 
relationship was obtained from epidemiologic studies; further evidence 
implicating Strept, pyogenes has accrued from recent bacteriologic, 
serologic and chemotherapeutic investigations. 

The use of penicillin or other appropriate antimicrobial drug for the 
prevention of recurrences in rheumatic subjects and the elimination of 
acute rheumatism as a sequel to streptococcal infections in non- 
rheumatic individuals has afforded the most convincing evidence of the 
part played by Strept. pyogenes in inciting acute rheumatism. 

Acute Glomerulo-nephritis 

Unlike other diseas^ caused by group A streptococci, acute glom- 
1 o associated with only a few specific serot 3 rpes, namely 

12, 25 and 4; type-12 strains are the commonest of these nephritogcnic 
types, both m sporadic cases and in epidemics of nephritis. Experi- 
mental studies indicate that the nephritogenic agent produced by type-’12 
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strains is of a pol 3 rpeptide nature and when administered intravenously 
in low dosi^ to rabbits produces tiie clinical picture of nephritis; 
histologic examination of kidney tissue from these animals shows lesions 
characteristic of die disease (Matheson & Reed, 1959). 

Epidemiology 

The factors influencing the spread of infection caused by Sirept. 
pyogenes are numerous; certain bacterial factors that determine the 
virulence of a strain have already been mentioned. 

Sources of infection are cases of any one of the recognised clinical 
illnesses caused by Strept. pyogenes and also carriers; the modes of 
spread are probably similar to those of other organisms discharged 
principally from the upper respiratory tract, namely, direct spread which 
includes spread by large droplets projected directly from one individual 
to another (droplet spray) as well as by more intimate associations, 
airborne spread by dust and indirect spread by fomites (books, toys, etc.). 

Carriers are not all equally dangerous to the community; the factors 
determining the importance of a carrier are: age — children are more 
likely to transmit infection than are adults, probably because they have 
greater opportunities to infect susceptible contacts at school, etc.; 
duration of carriage — chronic carriers are leas commonly the source of 
new infections than are convalescent carriers; perhaps increasing 
duration of carriage is associated with reduced M protein production 
and consequently reduced virulence of the strain ; location of the organ- 
isms — although nasal carriers of Strept. pyogenes are less common than 
throat carriers, they are much more (^gerous because of the large 
numbers of streptococci they disseminate in the environment. 

Factors affecting host susceptibility are: age — school-age children 
experience a high incidence of infection, probably due to increased 
exposure but perhaps also because they are more susceptible; pre- 
existing disease — patients suffering from virus respiratory infections 
(measles, influenza, etc.) are particularly liable to secondary strepto- 
coccal infections, including scarlet fever; familial sissceptibiHty — acute 
rheumatism is not infrequently seen in particular families; wheAer Ais 
is due to environmental and/or hereditary influences is still not clear. 
It has been shown Aat, in comparison wiA a rheumatic-free group of 
children, a similar group wiA rheumatic fever contained a significantly 
higher proportion of Lewis* secretors (Glyim & Holborow 1952). 
Prospective stuAes should reveal wheAer such inAviduals, i.e. non- 
secretors of A, B and H blood-group substances, are more prone to acute 
rheumatism; previous infection toith group A streptococci — tecxrve^ 
from such infection is accompanied by Ae formation of M antibodies 
which are type-specific and long-lasting; re-infection wiA a strain of 
identical serotype is unusual. 

Labrnratory Diagnosis 

In taidng a Aroat swab from a suspect case of tonsiflitis it is essentnl 
that a spatula be employed so Aat after infection Ae affected area can 
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be swabbed accurately and without unnecessary Gontamination froir 
the buccal cavity; swabbing should not be undertaken within six houn 
of gargling with antiseptics. 

Serum-coated swabs are distinctly advantageous in ensuring the 
survival of Sirept. pyogenes (Rubbo & Benjamin, 1951) ; the swab 
should be transmitted to the laboratory promptly, and if a delay of 
twelve or more hours is expected, the swab should be stabbed into a 
tube of modified Pike medium. 

Gram-stained films of throat swabs are of no value in diagnosis 
since the commensal streptococcal flora is indistinguishable from Strept. 
pyogenes in such preparations; on the other hand, a direct smear, from 
swabs of burns, pus, etc., is worth making, provided that any, con- 
clusions resulting from its examination are regarded as tentative. } 

As well as attempting isolation of Strept. pyogenes from the throat 
swab, media designed to selectively isolate C. Mphtheriae may be used and 
also the preparation and staining of a film to exclude Vincent’s angtn-^ 

The medium recommended for the isolation of Strept. pyogenes is 
crystal-violet blood agar (CVBA) (blood agar containing a 1 in 
500,000 or 1 in 1,000,000 concentration of crystal violet added from a 
1 in 10,000 stock solution); plates of this medium should be incubated 
anaerobically as well as aerobically. A disk impregnated with bacitracin 
should be placed in the well-inoculum of the plates before incubation to 
ensure rapid recogmtion of group A strains (Maxted, 1953). 

If group identification of i3-haemolytic colonies on the CVBA is 
not contemplated, then Gram-stained film preparations must be ex- 
amined to ensure that the organisms are Gram-positive cocci; not 
dissimilar colonies are given by haemolytic haemophili and certain 
corynebacteria. 

^-haemolytic streptococci of groups other than group A are only 
occasioi^ly incriminated as human pathogens; such strains belong 
dmost invariably to groups C, G, B and, in the case of urinary tract 
infections, to group D. 

Group C.— Predominantly animal parasites; 4 biochemical types 
are r^^iis^ and that designated Strept. equisimlis is most commonly 
assoaated vith human disease, e.g. it has been found in cases of puer- 

been isolated from cases of cellulitis, 
tonsilutis, wounds and scarlet fever. 

• roajority of strains have been-found as commensals 

m the human subject; its pathogenic role is virtually restricted to 
puerper^ infections; it has been responsible for epidemics of canine 


fl on Wood agar do not produce such marked 

fr ^ Some strains give a-haemolysis 

are non-haernolytic. Most often associated with bovine mastitis it » 
^ ^countered as a commensal in the human vagina and throat It 

£ ‘’“t has been recorded 

pueijeral infection, including cases of ulcerative 
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Group D. — Originally described as j 8 -liaemol 3 rtic. Such strains 
were isolated from human faeces and the vagina, and their relationship 
to the enterococcus was recognised. The group includes strains that 
are devoid of haemolytic activity; they may be classified according to 
their biochemical activities as shown in the following table. 


Biochemical **types'* of Group D streptococci 


Type 

Sorbitol 

Arabinose 

Gelatin 

Liquefaction 

Growth at 
pH 9-6 

Haemolysis 
on Horse- 
blood Agar 

Strept. faecaUs 
var. faecalis . 

A 


- 

+ 

- 

var. liqurfactens 

A 

- 

4- 

+ 

- 

var. zymogenes 

A 


+ 

+ 


Strept. faecium . 

- 

A 

- 

+ 1 

a 

Strept, durans . 


- 


1 

act p 

Strept. bovis 

— 

A 

— 

— 

ot 


Key: Fermentation Reaction : A = acid produced; — ss no fermentation. 


Prophylaxis. — The spread of Strept. pyogenes from infected cases 
can be limited by early penicillin therapy. In semi-closed communities 
measures aimed at reducing the streptococcal population of the environ- 
ment, e.g. oiling of floors, bed-linen and patients’ bed-wear, are succc^- 
ful, but only in certain circumstances is this reduction accompanied 
by a similar fall in morbidity rates. 

In the past, persons at special risk, e,g. the staff of infectious dise^e 
units who were Dick-positive reactors were actively immunised with 
erythrogenic toxin; this is no longer advocated, not only because of 
the multiple injections required and the frequency of their side-effects 
but also since the protection thus afforded was antitoxic and did not 
reduce the incidence of infection with Strept, pyogenes. Prompt eradica- 
tion of Strept. pyogenes from cases being treated in hospital is the most 
effective way of controlling infection in nurses and other susceptible 
contacts (Jersild, 1959). 

Chemoprophylaxis with sulphonamides was practised during the 
Second World War, but the emergence of sulphonamide-resistant 
strains discouraged such a practice. 

Tonsillectomy has no prophylactic value either in reducing Strept. 
pyogenes infections in the upper respiratory tract or in protecting 
rheumatic subjects against recurrences. 

Prevention of Acute Rheumatwn. — ^The prompt and effective treat- 
ment of streptococcal sore throat with penicillin eliminates the riA of 
acute rheumatic sequelae. Therapy should be instituted as soon as Ae 
diagnosis has been confirmed and preferably within seven days irf 
onset; penicillin Acrapy should, however, sAl undertaken even if 
a case does not come under medical care until this period has elapsed. 
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Sulphonamides should not be used in treatment of streptococcal infec- 
tions, since they are bacteriostatic and the organisms are not eradicated. 
It is essential that adequate blood levels of penicillin should be main- 
tained for seven to ten days, even although the patient has fully re- 
covered from the infection. 

It is recommended that persons with a previous history of acute 
rheumatism should be protected against streptococcal infection by 
continuous prophylaxis (Report, 1957). Provided that the person is 
initially free of Strept. pyogenes, sulphomanides may be employed in 
small daily doses. Penicillin, preferably a long-acting preparation 
given intramuscularly, is a better agent for long-term prophylaya in 
such cases. Not only is there 100 per cent, reduction in recurrence rate 
of acute rheumatism compared with an 85 per cent, reduction in ^ose 
receiving sulphonamides, but monthly intramuscular administtition 
ensures regular medical supervision and eliminates the possibility of 
interrupted prophylaxis associated with oral administration. Alter- 
natively, daily doses of oral penicillin (200,000 units) may be given, but 
control of medication is less certain and a break in prophylaxis need 
only be brief for the subject to be again at risk. 

Community control of streptococcal infection is being undertaken 
in some areas in the U.S.A. with a view to preventing first attacks of 
rheumatic fever (Bunn & Bennett, 1955; Phibbs et al., 1958). 

Prevention of Acute Glomeruh-nephritis. — From published evidence 
(Rammelkamp, 1955) it would appear that the prophylactic value of 
treating the primary streptococcal illness with penicillin is not so 
dramatic as in the case of rheumatic sequelae; even with adequate 
dosage of penicillin given in the primary infection the incidence of 
acute nephritis was reduced by only 60 per cent. 

Streptococcus viritlaiis 

Morphok^y and Staining . — Similar to Strept. pyogenes-, no signific- 
ance should be attached to length of chains in differentiation. 

Cultural Characters . — ^Essentially similar to Strept. pyogenes in 
cultural requirements. 

Blood agar. — Colonies tend to be smaller and more convex than 
those of Strept. py<genes and produce distinctive changes in blood agar; 
surro^ding the colonies there is a zone of pactial haemolysis and 
greenish discolouration with, often, a thin outer rim of complete lysis, 
especially in cultures stored in the refrigerator after incubation. The 
green colouration is best demonstrated on heated blood-agar. 

Viability.— 'niemal death point is approximately 55“ C. for half 
an hour. Survival in nature and in laboratory cultures is to 

that of Strept pyogenes. 

Bmhenucal Reactions.— These have been studied in an oideavour 
to differen^te species within the group but with little success. From 
the medicm viewpoint the value^of such reactions lies in the difierenti* 
atom of Strept. viridans from pneumococci; the reladve larity with 
which Strept. vundans ferments inulin has been used for such puipo«e« 
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but has been superseded by tests for bile solubili^ and optochin 

sensitivity. 

Antigenic Characters. — Apart from the fact that strains of Strept. 
viridans do not possess carbohydrate group antigens like jS-haemoIytic 
streptococci, little is known of their antigenic structure. Several dis- 
tinct serot 3 rpe 8 have been recognised in strains isolated from healthy 
mouths and from cases of subactute bacterial endocarditis. 

Pathogenesis. — Strept. viridam occurs in the throat and mouth secre- 
tions of virtually all persons and there leads a conunensal existence; in 
individuals with predisposing cardiac lesions, e.g. rheumatic endocar^tis 
and congenital defects, Strept. viridans is incriminated as the commonest 
cause of subacute bacterial endocarditis. This is an endogenous infec- 
tion, the organisms gaining entry to the blood stream in subjects with 
poor dental hygiene, particularly during dental therapy even of a con- 
seirvative nature. In the otherwise healthy individuid the streptococci 
are rapidly eliminated from the blood stream, but in those with heart 
lesions of a congenital or rheumatic nature the organisms may settle in 
or on the defective valves. Strept. viridans and other non-haemolytic 
streptococci are commonly found in carious teeth and as the major 
infecting organism in dental pulp and periapical infections. 

Laboratory Diagnosis. — Strept. viridans is almost constantly present 
on blood agar media inoculated from throat swabs and sputum ; in such 
cases it is important to differentiate it from pneumococci. In the diag- 
nosis of subacute bacterial endocarditis, repeated blood culture should 
be undertaken; venepuncture should preferably be performed during 
pyrexial episodes and the blood inoculated into a good substrate broth 
medium which may contain saponin to prevent clotting. Growth 
appears after a few days’ incubation, usually as small compact colonies 
on the surface of the blood layer, provided that the culture bottle is 
left undisturbed. 

Chemotherapy. — Penicillin remains the drug of choice in subacute 
bacterial endocarditis due to penicillin sensitive strains of Strept. 
viridans. A combination of penicillin and streptomycin has proved 
effective in infections with penicillin resistant strains of Strept. viridans 
or Strept. faecaKs. 

Prophylaxis. — Individuals with congenital or other valvular cardiac 
defects should be given penicillin before having any dental attention 
and such protection continued for at least two days lliereafter. 


Strqpto<»ccu* fiiecalis (Enterococcus) 

Morpholf^ and Staining. — Usually oval in shape and occur in 
pairs or short chains. 

Cultural Characters. — Colonics arc similar to ffiose of Strept, 
Pyogenes, but rarely is any change noted on blood agar media. 

Mac^nkey medium.-— Colonies are minute, 0-5— 1 mm., and usuaUy 
®aagenta-coloured. 

Withstand exposure to 60“ C. for thirty miimtes, wWtAi 
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kills other streptococci; similarly, Str^t. foKoBs ^ a much wider 
growth range, 10°~15° C., and has considerable viability in culture. 
Biochemical Reactions. — In contrast to other aerobic stt^tococci 
Str^t. faecaUs is capable of growing on media containing bile salts’ 
(e.g. MacConkey’s) and in the pre^nce of 6 5 per wnt NaCl ; feimenta. 
tion of mannitol with gas production also differentiates enterococci from 
other streptococci. 

Antigenic Characters . — Characteristically belong to sero-group D 
and biochemical types within the group can be recognised (p. 158). 

Pathogenicity . — Lead an essentially commensal existence in the 
human and animal intestine but are not infrequently incrimina^d in 
urinary tract infections, sometimes alone but more often in association 
with Esch. coli, etc. They are also rarely causative organisms in subacute 
bacterial endocarditis. 

Laboratory Diagnosis . — Routine plating of urine specimens on 
MacConkey’s as well as blood agar medium allows ready recognition 
of Strept. faecaUs. 

Anaerobic streptococci 


Streptococci that can grow only as obligate anaerobes have been 
recognised for several decades and the pathogenicity of some of these 
for mM is undoubted ; nevertheless, they have attracted relatively little 
attention and Peptostreptococcus putridus is the only well-documented 
species. 

Morphology and Gram-positive cocci resembling aerobic 

stoeptococci but frequently much smaUer (0-5 (i or less) and exhibiting 
pleomorphism in ardhcial culture. 


Cultural Characters.— Mter anaerobic incubation for forty-eight 
hours, colontra in blood agar are smooth, low-convex, approximately 
“2 mm. m mameter; no alteration occurs in the medium. Cultures, 
e.g. m meat broth, usually give off an exceptionally foul odour. 

BwOumacal Attempts have been made to classify the 

an^robic streptococa on the basis of such reactions; provided 4at a 
sulphur compound is present {e.g. 01 per cent, sodium thioglycollate) 

an'l 

tructose with abundant gas production. 

i^abitat is the 

ra^a, so far they have not been isolated fromuthe upper respiratory 

P«»on».%to. putridi 
orSSSt sepsis, probably as an endogenous infection 

been trauma ^d the presence of necrotic material ; it has also 

brain abscess, infected wounds, e.g. post-imcrative 
gangrene and anaerobic streptocMcS myoSis. 
isolSrt^ ^»^r«.--Strictiy anaerobic methods are r^uired if 
t suo^ful. Inoculation of blood agar ^tes and 
coSi« « fo^J^-^ight hours in a McIntosh and FildwMafproduces 

th. bioch«Sl’S& ol 

Otter than Pepto. putndus the papers of Hare at 11952) and 
Thomas & Hare (1954) should be consdS^ an 
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trains are sensitive to penicillin which should be 
employed therapeutically. 


Streptococci in Diseases of Domesticated Animals 

Streptococci are relatively infrequent in suppurative lesions of shew and 
swine, but are not uncommonly associated with mastitis of cattle and with 
strangles and contagious pleuropneumonia of horses. 

Bovine Mastitis 

Streptococci are frequently found as the sole organism, especially in 
chronic mastitis {StrepL agalactiae); such streptococci vary in their action on 
blood agar and may exhibit a- or jS-haemolysis or none. They belong to 
Lancefield group B and identification with group-specific antiserum has 
replaced fairly extensive biochemical testing. 

Another streptococcus occurring in bovine mastitis is designated Strept 
dysgalactiae and is non-haemolytic ; serologically it belongs to group C; 
biochemical differentiation of Strept. dysgalactiae from group C strains 
associated with other hosts may be undertaken as in the table. 



Lactose 

Trehalose 

Sorbitol 

Strept. dysgalactiae 

i. 

± 

V 

Strept. equi (horses) 

— 

— 

— 

Strept. equisimUis (human) 

V 

1 

— 

Str^t. zooepidemicus (animals) 

1 

•— 

X 


Key: i. « acid produced; v = acid production variable; — no reaction. 


Laboratory Diagnosis of Bovine Mastitis , — Centrifugal deposits from milk 
samples are plated out on a medium comprising 2 ml. 0*1 per cent, crystal 
violet, 1 g. aesculin and 50 ml. defibrinated ox-blood in 1 1. of Lemco agar 
(pH 7*4). Many of the other organisms present in milk are inhibited by the 
crystal- violet and these which are dye-resistant usually produce black colonies 
in the presence of aesculin and can be readily differentiated from streptococci. 
Pure cultures of any streptococci isolated are obtained and their serological 
group determined; if the strain belong to group C it can be biochenucally 
identified as in the table. 

Serologic Identification of jS-haemolytic Streptococci 

Lancefield Grouping . — Extraction of group-specific polysaccharide 
can be undertaken by one of the following methods: 

(1) Acid extraction 

The centrifuged deposit from 50 ml. of overnight culture in Todd-Hewitt 
broth is harvested in a 3 in. test-tube. The deporit is thoroughly 
re-suspended in 04 mL of 0-2 N HCl. Place tube in a boiling water-bath. 
After ten minutes^ exposurCt remove tubes from bath and allow to cool. Add 
1 drop of 0*02 per cent phenol ted. Neutralise carefully with 0*5 N and 
0 2 N NaOH. The clear supernatant obtained by centrifugation is the 
extract. 
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(2) Formamide extraction 

The centrifuged deposit from 5 ml, of overnight culture in Todd-Hewitt 
broth is re-suspended in 0‘1 ml. of formamide in a 3 x J in. test-tube. Place 
tube in oil-bath at 160® C. for fifteen minutes; centrifuge and discard any 
deposit. Mix supernatant with 0*25 ml. of acid-alcohol and centrifuge. 
0*5 ml. of acetone is added to the new supernatant and the precipitate obtained 
by forther centrifugation is dissolved in 0*4 ml. of saline. Add 1 drop of 
phenol red and neutralise with 0*2 N NaOH. 

(3) Enzyme extraction 

Suspend a loopful of growth from an eighteen-hour blood-agar culture 
in 0*25 ml. enzyme solution (see below) contained in a flocculation tube. 
Place tube in 50® C. water-bath. Inspect tube at one, one and a half and two 
hour periods, and when contents are clear, use as extract. ; 

The enzyme is produced from a Streptomyces albus growing in\\the 
following medium. 


NaCI . 

. 5g. 

K 2 HPO 4 

• 2 g. 

MgSO^, 7H,0 

• 1 g- 

CaCIj . 

. 0-04 g. 

FeSO., 7HiiO 

. 0 02 g. 

ZnSO., 7 H 2 O 

. 001 g. 

Yeastrel 

• 5 g. 

Agar powder . 

• 11 g. 

Distilled water 

. 1 1 . 


Place suitable amounts (75-100 ml.) in Roux bottles, sterilise and add 
aseptically glucose and casmino acids, each in a final concentration of 0*5 
per cent. pH should be 7*0-74. 

( 1 ) Inoculate the surface of above medium by flooding with Streptomyces 
albus glucose-broth culture. 

(2) Incubate at 30-37® C, for four to five days. 

(3) Place Roux bottles in a — 10® C. refrigerator and then allow to thaw 
out; the fluid expressed on thawing is the enzyme solution. 

(4) Adjust pH to 7*5 by adding I N HCl; filter through a Seitz disk. 

(5) Test for potency of the filtrate by adding 0*1 ml. of a heavy suspension 
of heat-killed group A streptococci to 0*4 ml. of the enzyme preparation. 
Place in a 50® C. water-bath along with a tube containing a control mixture 
in which the enzyme has been destroyed by heating. An active preparation 
will lyse the streptococcal suspension in one-half to one hour. 

( 6 ) Stored in the cold with 0*5 per cent, phenol as preservative, the 
preparation keeps well and is active over a pH range of S’fi-O'G. 

The enzyme extraction method (Maxted, 1948) is reliable for strepto- 
cocci in groups A, C or G; for other groups the acid (Lancefield, 1933) 
or formamide (Fuller, 1938) meAods are preferred, the latter being less 
likely to give minor cross-reactions occasionally encountered with acid 
extracts. Group O polysaccharide is sensitive to foimamide so that 
such extracts not react with O antiserum. Acid extracts can also be 
used for identification of type-specific M antigens. 

PredpUaHon Test for Grouping of Strept, pyogenes . — This may be 
performed in the narrowing neck of small Pasteur pipettes* A small 

Obtainable from NCTC, Colindale Avenue, London. 
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volume of group A antiserum is placed in the pipette and the antigenic 
extract carefully superimposed. If the extract contains polysaccharide 
specific for group A, then precipitation will be observed at the interface 
with the serum within five minutes; reactions appearing after this time 
should not be regarded as positive. Extracts should also be tested with 
antisera for groups C and G routinely, and if necessary with other 
group sera. 

In order to conserve serum, tests may be performed in capillary 
tubes; a J-in. column of serum is run into the tube, the exterior of 
which is carefully wiped before an equivalent volume of antigen extract 
is introduced. The contents are allowed to run well up the tube and 
the upper end is then occluded with the forefinger until the tube has 
been placed in a plasticine block. Macroscopic precipitation should 
be evident within the time limits stated above if the reaction is positive. 

Type Identijication of Group A Strains . — All strains should be tested for 
type both by agglutinating (T) and precipitating (M) antisera, since a smaller 
percentage of strains will thus be regarded as untypable than when either 
method is employed alone (Williams & Maxted, 1953). 

Slide agglutination test. — ^The strain is grown in 5 ml. of Todd-Hewitt 
broth at 28® C. for eighteen to twenty-four hours and the centrifuged deposit 
thoroughly resuspended in 0*5 ml. of supernatant broth. Provided that the 
suspension is not granular, 6 loopfuls are placed on a clean glass slide and 
each then mixed with a small (1 mm.) loopful of pooled antisera and the slide 
rocked to and fro for one minute. Agglutination may be noted with one 
of the pool antisera and fresh loopfuls of suspension should then similarly 
be tested with all the specific sera comprising that particular pool. Strains 
may react in more than one type-specific serum, but the pattern of such 
reactions is epidemiologically significant. 

Granular suspensions and diose that react with many sera should be 
treated as follows: Add 1 drop of B.D.H. Universal Indicator and 2 drops 
of pancreatic extract to the suspension; adjust the pH to 8-8*5 with 0*2 N 
NaOH and place in 37® C. water-bath for one hour, shaking the tubes every 
fifteen minutes. On re-testing with pooled and specific antisera as above, 
many such strains will react normally; if results are still unsatisfactory, a 
further period of fifteen minutes in a 50® C. bath may be tried. 

Precipitation test.— Acid extracted antigen prepared for group deter- 
mination is used. Using the results of slide agglutination as a guide, the 
extract is tested against the relevant antisera by the capillary tube method. 
The mixtures are incubated for two hours at 37® C. and results noted; after 
overnight refrigeration the tubes are again examined. 


THE LACTOBACILU 

This genus belongs, as do the streptococci, to the family Lacto- 
bacillaceae. The lactobacilli constitute a group of acid-resistant (add- 
uric), Gram-positive, non-sporing badlli, which occur in the intestine of 
mammalian animals and are particularly numerous during the stage of 
suckling. Thus, in breast-fed infants such organisms may constitute 
the predominant flora of the intestine, and two main types, Lacto* 
acidophilus and Lacto. bifidus^ have been recognised and specially 
studied. 
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Organisms of this group form one of the main elements of the 
commensal flora of the human alimentary canal, including the mouth, 
stomach and intestine, and occur also in the vagina and on the skin. 
They are found in cow’s milk, silage and bran. 

Lactobacillus acidophilus 

So called because it is able to flourish in a highly acid medium 
(pH 4*0), it occurs in the faeces, saliva and milk. In morphology it is 
a relatively large, non-sporing, non-motile, Gram-positive bacillus. 
The individual organisms vary in length, and may appear even in short 
coccal forms. Some are about 1 ft broad, but slender forms maiy be 
noted, and there is a tendency to chain formation. The organism (thus 
shows considerable pleomorphism. It may be cultivated under aeibbic 
conditions on whey agar at 37® C., but when first isolated it tends t^be 
micro-aerophilic and grows best at a reduced oxygen tension. The 
colonies are small, and vary in appearance as seen under the low power 
of the microscope; two main ^es are described: (1) “feathery”, in 
appearance not unlike a Cl. tetani colony {q^v.)y and (2) rounded with 
projecting outgrowths (“crab-colony”). A convenient method of 
obtaining cultures from faeces is to inoculate broth, to which is added 
0-5 per cent, of glacial acetic acid; after incubation, subcultures can 
be made on agar plates under aerobic conditions. 

This organism produces acid fermentation of glucose and lactose 
without gas formation. It also ferments maltose, whereas Lactobacillus 
bulgaricuSy a related organism originally isolated from Yoghurt (a 
fermented milk), has usually no action on maltose. The latter organism 
cannot grow in the intestine of man. It is a thermophile, the optimum 
temperature being 45°“62° C. 

Closely related organisms are Bacillus acidophilus odontolyticus de- 
scribed in association with dental caries, the so-called Boas-Oppler 
bacillus found in the stomach contents in conditions in which the 
hydrochloric acid is absent or deficient, and DdderleirCs bacillus^ which 
is found normally in the vagina. 

Dental Caries. — This destructive condition is noted in its earlier 
stages by discolouration of the enamel of the tooth and loss of trans- 
lucent^; cavity formation follows and at the dentino-enamel junction 
there is always lateral extension of the process with progressive soften- 
ing into the dentine. 

For many years there have been differing opinions on the part played 
by bacteria, particularly lactobacilli, in promoting caries; their role 
has been confused with that of cariogenic foodstuffs, but even with such 
a diet, caries does not apparently occur in the absence of bacteria. 
Thus, germ-free rats do not develop caries with a cariogenic diet unless 
streptococci or lactobacilli are added to the food, when caries develops 
rapidly in the molar teeth. 

La£tobactlli Counts. — It is known that there is a quantitative differ- 
ence in the number of lactobacilli in the mouths of those prone to caries 
in comparison with those who are apparently immune. The estimation 
of lactobacilli is thus of increasing importance in dentistry: the salivary 
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flow is activated by the person chewing a small piece of paraffin wax 
for ten minutes ; saliva is collected in a sterile container as it is produced 
and the volume made up to 10 ml. with sterile saline. The lactobacillus 
count is the number of lactobacilli present in 1 ml. of this standard 
specimen; the sample is serially diluted in broth or peptone water and 
distributed in O-l ml. quantities on a medium selective for lactobacilli, 
e.g. Kulp’s tomato peptone agar plates. After three or four days’ 
incubation at 37° C. counts of more than 10® lactobacilli per ml. of 
saliva are often taken as indicative of caries activity. In the same 
individual, significant reductions in the count are noted when a non- 
cariogenic diet is taken. 

Lactobacillus btfidus (Bacillus bifidus) 

This organism derives its name from the apparently bifid appearance 
described by the original observers. It is found in large numbers in 
the faeces of breast-fed infants. Its average dimensions are 4 /i by 
0 5-0-7 but it displays considerable pleomorphism. The ends are 
often expanded. Three bacilli together may be arranged like a Y. 
Though usually Gram-positive, there is a certain amount of variation 
in its reaction to Gram’s staining method. 

In primary culture it is a strict anaerobe. Cultures have been 
obtained at 37° C. in tubes of neutral lactose-broth containing a piece 
of sterile rabbit kidney, with a layer of sterile vaseline superimposed 
on the medium. After several days’ growth, subcultures are made on 
glucose agar plates which are incubated anaerobically. Pure cultures 
on glucose agar can be obtained from single colonies. The organisms 
may ultimately become microaerophilic. Glucose, sucrose, maltose and 
various other sugars are fermented with acid production, but no gas. 
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PNEUMOCOCCUS 

(Diplococcus pneumoniae) 

The causative organism of lobar pneumonia; also incriminated in 
acute and chronic infections of the respiratory tract, in conjunctivitis, 
otitis media, meningitis, peritonitis, arthritis, etc. 

Morphology and Staining. — Characteristically appears as an oval or 
lanceolate Gram-positive coccus in pairs with the long axes in line with 
each other; approximately 1 /x in its long diameter and capsulate. In 
culture the appearance is less typical, the cocci being more rounded 
with a tendency to occur in short chains in liquid media; capsulation 
is not evident. 

Cultural Characters. — Aerobe and facultative anaerobe; tempera- 
ture range 25°--40° C., optimum 37° C ; grows on ordinary media but 
best on blood or serum-enriched media. The addition of glucose (e.g. 
01 per cent.) to culture media promotes growth and similarly cultivation 
in an atmosphere of 5 per cent. COj is advantageous. It should be 
noted in the preparation of broth for the cultivation of pneumococci 
that they may be inhibited by an oxidised constituent of the peptone; 
this can be prevented by adding the peptone to the medium before 
heating so that it is later subjected to the reducing action of the meat 
infusion; commercial peptones may also contain metallic impurities 
which are responsible for inhibitory effects on the growth of the 
pneumococcus. 

Blood agar. — Colonies are small (1 mm. in diameter), semi-trans- 
parent and are usually surrounded by a zone of a-haemolysis which 
may cause confusion with Strept. viridans', unlike the latter, the colonies 
are at first plateau-shaped and later develop elevated margins and con- 
centric ridges — ^the so-called draughtsman colony. Green pigmentation 
is more obvious when the organism is growing on heated blood agar. 

Viability. — Thermal death point is about 52° C. for fifteen minutes. 
Ordinary laboratory cultures lose viability rapidly; cultivation in a 
semi-solid agar containing blood ensures longer survival and for main- 
tenance of culture over loi^ periods, rapid drying in vacuo eliminates 
the need for frequent subculture. Repeated in vitro cultivation leads 
to transformation from the smooth (S) to the rough (R) form, a change 
associated with loss of capsule formation, type-specificity and virulence. 

Biochemical Reactions. — Ferments various carbohydrates and differs 
from the majority of Strept. viridans strains by frequently ferm^ting 
inulin; such tests may be performed in Hiss’s serum vrater or in the 
serum agar medium used for toting the biochemical reactions of 
neisseriae. There are other more specific tests for identification. 

Bile Solubility. — ^Pneumococci are soluble in bile. The test consist 
of adding 1 part of a sterilised 10 per cent, solution of sodium tauro- 
cholate in normal saline to 10 parts of a broth culture. Alternatively, 
01 ml. of a 10 per cent, solution of sodium desoxycholate may be add^ 
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to 5 ml. of a broth culture which should not be more acid than pH 6-8 • 
this method gives very satisfactory results, lysis occurr in g w ithin fifteen 
minutes at 37® C. 

Optochin Sensitivity. — Pneumococci are sensitive to optochin. Disks 
of filter paper, 8 mm. in diameter, sterilised by dry heat at 160° C. are 
impregnated with a 1 in 4000 aqueous solution of optochin (ethyl 
hydrocuprein hydrochloride), each disk containing approximately 0 02 
ml. The solution can be sterilised in the autoclave at 121° C. for 30 
minutes without appreciable effect on its potency. Organisms are 
tested by making radial stroke cultures on a blood agar plate, a disk 
being placed in the centre of the plate; a known sensitive str^n is 
included in each set of tests. Pneumococci are inhibited in a zone of 
at least 5 mm. from the circumference of the disk, whereas strains of 
Strept. viridam grow up to the disk margin; occasionally a few colonies 
of pneumococci, resistant to optochin, will be noted in the zone of 
inhibition. 


Antigentc Characters. At least 77 specific serot 5 rpes of pneumococci 
have been recognised. Type specificity is dependent on chemically 
specific polysaccharides contained in the capsule of the organism and 
tyP® identification can be established by means of agglutination tests 
or by “capsule-swelling” reactions. For the latter technique, a loopful 
of broth culture or a saline suspension of growth from a blood-agar 
plate is mixed with a loopful of diagnostic antiserum and the mixture 
covered with a No. 1 coverslip and examined with an oil-immersion 
leiB, the substage condenser being suitably lowered or the diaphragm 
reduced in aperture. The enlarged delineation of the capsules, in the 
presence of type-specific antiserum, can be readily observed in 1-2 min. ; 
the sharpness of outline of the capsule is more significant than any 
apparent enlargement. ^ 

Typing sera usually contain methylene-blue so that the capsules 
remain unstained and present a ground-glass appearance ; a set of sera 
may be purchased from The State Serum Institute, Copenhagen, and 
comprises 9 pooled sera (A-I) and 44 constituent specific sera ; strains 
are hrst tested m the pooled sera and then in the type-specific sera 
con^rising the pooled serum with which a reaction is obtained. 

Pathogenicity.— Pathologic material containing pneumococci (e.g. 
pneumomc sputum) or a young virulent culture, injected subcutaneously 
*** mice, produces a rapidly developing septicaemia and 
death in one to three days; at autopsy, typical capsulated diplococci 
are present m large numbers in the heart blood. The virulence for 
ami^s rapidly decre^es if the organism is grown on media without 
^ ^ cultivation is prolonged; such 

^®”f®”“ct with type-specific antiserum, 
ofrpn in nnn*-! 4 ***ui pueumoma the pneumococcus is present, 

be detected in ^ number^ in the consolidated areas and can easily 

”8^” "“y '“A lung 

m^s secretion peribronchial lymphatics. Excess 

mav facilitate the antecedent respiratory virus infection, 

y nset of pneumonia. In a proportion of cases the 
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pneumococcus can be demonstrated in the blood by blood culture, and 
also occurs in the complications of pneumonia, e.g. empyema, peri- and 
endocarditis, meningitis, etc. Pneumococcal meningitis is often asso- 
ciated with middle ear infections or with traumatic or congenital defects 
in the skull, e.g. absence of cribriform plate; such cases tend to suffer 
recurrent attacks. 

Epidemiology. — Lobar pneumonia is a communicable infection 
occurring particularly in the age range 10-50 years and caused pre- 
dominantly by certain pneumococcus types {e.g. types 1, 2, 3, 5, 7, 14) 
which seem to be endowed with invasive properties; epidemics of lobar 
pneumonia have occurred in semi-closed communities (barracks, 
institutions, factories, etc.). The pneumococcus is essentially a human 
parasite and sources of irifection are cases and carriers; carriers con- 
valescing from lobar pneumonia may continue to harbour the organism 
for considerable periods, particularly if they are predisposed to chronic 
catarrhal pharyngitis or nasal sinusitis. Contact carriers, who have 
never suffered clinically apparent infection, may also become carriers 
of “epidemic” penumococci. 

Type-distribution studies showed that, in Britain, t 3 rpes 1 and 2 
were together responsible for more than 50 per cent, of hospitalised 
cases of lobar pneumonia and type 3 strains were incriminated in less 
than 10 per cent, of cases. More recently, there has been an increase 
of type 3 infections which are more common in elderly patients. 

Case-fatality rates in lobar pneumonia show that type 3 is the 
most virulent and type 2 is more virulent than type 1. At the same 
time, types 1 and 2 are more invasive than other types, as shown by 
their prevalence in meningitis and peritonitis. 

The modes of spread are similar to those of other organisms excreted 
from the respiratory tract, e.g. Strept. pyogenes', the incidence of lobar 
pneumonia is at its highest in the spring. 

Bronchopneumonia, in which pneumococci are commonly involved 
as secondary bacterial pathogens, occurs most often at the extremes of 
life or after primary virus respiratory infections (influenza, measles, 
etc.). The iii'ecting pneumococci are those t 5 rpes found in the upper 
respiratory tract {e.g. types 6, 19, 23), and this is an endogenous, not a 
conununicable, infection. Infections occur mostly in the winter 
months and are more common in economically poor communities. 
High fatality rates in the older age-groups occur in spite of therapeutic 
advances. 


Laboratory Diagnosis 

A specimen of sputum is obtained and a mucopurulent portion used 
to inoculate a blood agar plate; films stained by Gram’s method are 
also prepared and examined to obtain an impression of the predominant 
bacterial flora. In order to improve the chances of isolatii^; pathogens 
hke the pneumococcus and H. influenzae in culture, the sputum may 
be homogenised by shaking with beads or treatment with pancreatin. 
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On the blood agar plate, characteristic colonies can be recognised 
among the other organisms that are frequently present; bile solubilitj 
and/or optochin sensitivity tests may be performed as confirmatory 
procedures. 

Mouse Inoculation.— iTitripmtoneal injection into mice of sputum 
or a young broth culture of a supralaryngeal swab is a useful and reliable 
method for isolating pneumococci when they are scantily present. 

The need for serotyping of strains as a preliminary to giving specific 
therapeutic antiserum disappeared with the introduction of sulphon- 
amide therapy, and type identification is now only performed in 
epidemiologic investigations. j 

Chemotherapy.— Most pneumococcal infections are amenable to 
chemotherapy with sulphonamides, penicillin, tetracyclines. Ii^ cases 
of pneumococcal meningitis, penicillin may be given intrathecaily as 
well as systemically. 

Prophylaxis.— The prophylaxis of lobar pneumonia has been 
attempted by the use of combined vaccines of the prevalent pneumo- 
coccus types in circumstances where there is a high incidence of infec- 
tion, e.g. among native labourers in the South African mines, where 
the results were disappointing, and in Army camps, where more 
encouraging results have been obtained. In particular, a controlled 
trial during the Second World War of a combined antigen of purified 
polysaccharides prepared from four of the main epidemic types (types 
1, 2, 5 and 7) indicated that a high degree of protection could be 
obtained against infection with these types after a single injection of 
0-06 mg. of each of the polysaccharides. But lobar pneumonia is a 
sporadic infection in civilian communities, where prophylactic vaccina- 
tion would not be a practicable procedure. 

Since a large proportion of pneumococcal infections supervene on 
antecedent virus respiratory infections, measures for the control of these 
virus infections, e.g. prophylactic vaccination against influenza, par- 
ticularly in elderly persons with chronic chest and heart disease, may 
help to reduce the morbidity and mortality of secondary pneumonias. 
Improvements in social and environmental conditions and protection 
against sudden changes in climate will contribute to the control of 
bronchopneumonia in young children. 
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NEISSERIA 

Definition . — The Neisseriae are Gram-negative cocci, usually arranged 
in pairs with long axes parallel: strict parasites, often growing poorly 
on ordinary culture media. The two principal pathogenic members of 
the group are Neisseria meningitidis and N. gonorrheae; N. meningitidis 
is the causal organism of Epidemic Cerebrospinal Meningitis (or 
Cerebrospinal Fever), sometimes called Spotted Fever because of the 
frequent presence of a purpuric rash; it may also produce an acute or 
chronic septicaemia without meningitis. N. gonorrhoeae causes gonor- 
rhoea, a venereal infection characterised by urethritis in the male and 
urethritis and cervicitis in the female; there may be local and metastatic 
complications. 


NEISSERIA MENINGITIDIS 
(Meningococcus) 

Morphology and Staining . — Oval diplococci with opposed surfaces 
flattened or concave; sometimes in tetrads; cocci are about 0-8 ijl in 
diameter; the long axes of the cocci in pairs are parallel, not in line as 
in the case of the pneumococcus; Gram-negative. Morphological 
capsules are not evident, but when the organisms react wiA specific 
antiserum, capsule-like structures become apparent, this effect corre- 
sponding to the “capsule-swelling” reaction of the pneumococcus. In 
cerebrospinal fluid the intracellular position in polymorph leucoc)rtes is 
characteristic. In culture the usual shape and arrangement seen in the 
spinal fluid may be lost, and involution forms may be present. 

Cultural Characters. — Aerobe; primary cultures are obtained most 
readily in an atmosphere containing 5 per cent, of carbon dioxide; 
temperature range is 25°-42° C., and the optimum is about 37° C. 
Although the meningococcus will grow on good nutrient agar, growth 
is enhanced by the addition of blood or serum; optimum pH is 7-0-74. 
A specially suitable medium is nutrient agar prepared from a digest 
broth, and containing 5 per cent, blood added to the melted agar at 
90° C. 

Colonies on serum agar, after 24 hours, are small, greyish, trans- 
parent, circular disks about 1-2 mm. in diameter; after 48 hours, the 
centre of the colony becomes more opaque and raised, while the 
periphery remains ^n and transparent; the borders may become 
created. While this is the common type of colony, considerable 
variation in the appearance may be noted. 

Colonies on blood agar are like those on serum agar but somewhat 
larger; they are smooth, grey and semi-transparent; no haemolysis 
occurs. 

Viability . — ^When first cultured artificially, the menii^ocoocus tends 
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to die quickly in culture, e.g. within two 
allfali production. In culture it persists 
on moist egg medium. Alternatively, 1 
plus 20 per cent, serum gives good results 
in five minutes or less. When dried 
conditions the meningococcus usually 
cultures can be preserved by rapid drying m vacuo. The organism is 
sensitive to the sulphonamides and most antibiotics. 

Biochemical Reactions.— Cm be tested by growing on peptone-water- 
agar slopes containing 5 per cent, serum, 1 per cent, of the particular 
sugar, and an indicator. 

Ferments glucose and maltose with acid production, but has no 
action on lactose, sucrose or inulin. 

Cultures of the meningococcus give the oxidase reaction like those 

of the gonococcus. . r 

Antigenic Characters.— Gordon and Murray described four scro- 
logical types (I-IV) of the meningococcus, but later, Griffith reduced 
these to two groups (I and II), his group I corresponding with the earlier 
types I and III, and group II with types II and IV . A more recent 
classification recognises four main groups, now designated A, B, C and 
D, of which A corresponds to Griffith’s group I, B to the old type II 
and D to the old type IV. Group C is identified with a group C 
described by French workers (Branham, 1953). 

The majority of cases of cerebrospinal meningitis during epidemics 
are due to group A, whereas many strains found in the nasopharynx of 
persons who have not been in contact with cases belong to the other 
groups. It has been concluded that the latter are of low^er pathogenicity 
than group A. 

Pathogenesis. — ^The meningococcus is actively toxigenic, and 
potent products have been obtained from cultures. The toxin has been 
classified as an endotoxin though it is readily diffusible from the 
organisms, probably as a result of their rapid autolysis in culture. 

The natural habitat of the meningococcus is in the nasopharynx or 
post-nasal space, where it may be found in 5-10 per cent, of healthy 
persons, ^^en outbreaks of cerebrospinal fever occur, the carrier 
rates may increase to 50-90 per cent. The route of spread of the menin- 
gococcus from the nasopharynx to the meninges is a controversial 
matter; the organism may either spread directly through the cribriform 
plate to the subarachnoid space by the perineural sheaths of the olfactory 
nerve, or it may be blood-borne. In favour of the latter route are the 
frequent positive blood cultures in the early stages of infection, the 
purpuric rash in many cases with the isolation of meningococci from the 
skin lesions, and the occurrence, particularly during epidemics, of 
meningococcal septicaemia with rash but no clinical meningitis. Rare 
types of primary meningococcal infection are conjunctivitis and endo- 
carditis, while complications of the typical disease are labyrinthitis, 
arthritis and teno-synovitis. 

In general, it has been found difficult to establish an active infection 
in laboratory animals by inoculation with cultures. However, intra- 


or three days, probably due to 
best at incubator temperature 
per cent, agar in digest broth 
. It is killed by heat at 55^ C. 
under ordinary atmospheric 
dies within two hours, but 
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peritoneal injection in mice of even small doses of the meningococcus 

suspended in u solution of gastric mucin btings about a tapidly fetal 
general infection, 

Epidemiolo^. Outbreaks of cerebrospinal fever occur particu- 
larly und^ conditions of overcrowding, e.g, among recruits in training 
camps and in ships^ and gaols. When cases occur under such circum- 
stances, bacteriological examination usually reveals high nasopharyngeal 
carrier rates of the epidemic strain among healthy contacts. It has been 
stated that clinical cases are likely to occur when the carrier rate 
exceeds 20 per cent., but the case/carrier ratio may vary considerably. 
Meningeal infection is probably facilitated by fatigue and other 
factors which lower physical well-being and may be preceded or accom- 
panied by a local nasopharyngitis. Apart from localised outbreaks, the 
highest attack rate and also the highest case fatality is in infancy. Cases 
occur most commonly in the spring in the United Kingdom and in 
other countries with temperate climates. Large-scale epidemics spread 
over wide areas of East and West Africa during the dry season and end 
abruptly with the onset of the rains. 


Laboratory Diagnosis 

Lumbar puncture should be done as soon as meningitis is suspected. 
In a case of cerebrospinal meningitis the spinal fluid is under pressure 
and is turbid in appearance due to the large number of pus cells present. 
In the early stages of infection the organisms are present usually in 
considerable numbers in the cerebrospinal fluid and can be recognised 
by microscopic examination. At a later stage they may be scanty and 
even apparently absent. 

In the laboratory the fluid is centrifuged and films are made from 
the sediment and stained by (a) methylene blue (b) Gram’s method 
(with Sandiford’s counterstain). Cultures should be made on blood or 
heated blood (chocolate) agar and incubated in an atmosphere of 5~10 
per cent. CO 2 . Films are made from the resulting growth and stained 
by Gram’s method. The colony characters should be noted and 
subcultures for biochemical tests are made by picking off single colonies 
on to sugar-containing serum-agar slopes. The serological group may 
be identified by agglutination tests with the appropriate antisera. 

For quick differential diagnosis which is essential for early effective 
chemotherapy the microscopic examination is often sufficient — i.e, if 
Gram-negative, intracellular diplococci with the characteristic shape 
of the meningococcus are observed. However, in the later stages of 
infection or if sulphonamides have been administered, the organisms 
may be scanty or undetectable in the centifuged deposit. In such cases 
the meningococcus may be demonstrated by cultural methods. A 
method which is sometimes successful is to add an equal volume of 
glucose broth to the cerebrospinal fluid and incubate the mixture for 
18 hours ; thereafter sub-inoculations are made on a solid medium as 

described above. ^ t . 

In cases of suspected meningococcal septicaemia and also in cases of 
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meningitis, blood cultures should be carried out and subcultures made 
on blood agar every day for 4-7 days. 

Chemotherapy.— -Meningococcal infections respond well to tr^t- 
ment with the sulphonamide compounds, which diffuse readily into 
the CSF and are therefore preferable to any other antimicrobial drug. 

Prophylaxis.— The early recognition of a high ^rrier rate, particu- 
larly of the more invasive group A, in a closed or semi-closed community, 
e.g. military recruits in barracks where apparently sporadic cases of 
meningitis are occurring, may help to prevent an outbreak, since the 
carriers can be quickly and effectively treated with small doses of 
sulphonamide, e.g. 1 g. twice a day for 3 days. 

If a search is to be made for meningococcal carriers, swabs should not 
be taken within 12 hours after the application of antiseptics to the throat. 
The specimen is best obtained by means of a swab with a longer wire- 
holder than the usual throat swab and with the terminal f in., carrying 
the cotton-wool pledget, bent through an angle of about forty-five 
degrees. The swab is enclosed in a stoppered test-tube of sufficient 
width to admit the bent end. 

With the tongue depressed, the swab is passed behind the soft palate, 
introduced into the nasopharynx and rubbed over the posterior wall. 

The swab is spread at once over a small area at the edge of a serum- 
or blood agar plate already prepared and warmed to 37° C., and then 
successive stroke inoculations are made on the remainder of the plate 
by means of a wire loop, the loop being charged several times from the 
area inoculated directly with the swab. The plate must be incubated 
without delay. 

When it is impossible to make an immediate culture, a convenient 
method of maintaining the viability of the meningococcus for 24 hours 
or so is to place in the foot of the swab-tube a small amount of blood 
agar so that the swab, when returned to the tube, is kept in contact with 
the medium. In the laboratory the swab is used to inoculate a blood- 
agar plate, and the swab-tube is also incubated. Alternatively, the swab 
may be placed in Stuart’s transport medium. 

Cultures should be incubated for 48 hours when suspect colonies 
are examined by means of Gram-stained films, and subcultures from 
single colonies made on serum- or blood-agar slopes. The resulting 
pure cultures are then available for identification by biochemical and 
serological tests. 


NEISSERIA GONORRHOEAE 
(Gonococcus) 

Morphology and Staining . — Oval diplococci with opposed surfaces 
flattened or concave. The diameter of the coccus is about 0*8—1 /lc; 
Gram-n^ative. Morphologically the gonococcus is identical with the 
meningoi^cus. In inflammatory exudates the intracellular position of 
the organism is characteristic and some pus cells appear to be almost filled 
with diplococci. In culture, involution forms are frequent. 
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Cultural Characters. — ^Aerobe; temperature range, 30°-39° C.; 
optimum about 37° C. ; requires blood or serum for growth — e.g, agar 
containing 10 per cent, blood (heated at 55° C.), serum agar prepared 
from fresh sterile serum or agar containing 10 per cent, hydrocoele fluid. 
Various special media have been recommended, but the above-men- 
tioned serve satisfactorily in the routine cultivation of the organism. 
The agar should be carefully standardised to pH 7-5. 

Most strains grow better in an atmosphere containing carbon dioxide 
(e.g. 5 per cent.) than in ordinary air. Incubation inside a closed jar 
also helps to maintain a moist surface on the culture medium, which 
helps the growth of gonococci. The COj may also prevent the develop- 
ment of alkalinity. 

Colonies on serum agar are semi-transparent disks about the size 
of a pin head, tending to remain discrete, circular in outline at first, but 
later showing a “scalloped” or crenated margin, a raised more opaque 
centre, and sometimes radial and concentric markings. Papillae may 


be noted after some days’ growth. 

In primary cultures, colonies may be slow in developing and growth 
may not appear for two or three days. 

Viability . — The thermal death-point is about 55° C. for 5 minutes. 
The gonococcus is a strict parasite and tends to die in a few hours when 
discharged from the body, especially if subjected to cooling and drying. 

It has been found, however, that under certain conditions, e.g. in pus 
on linen or other fabric, the gonococcus may remain viable for periods 
up to three days. When first isolated, cultures have a feeble viability, 
and subcultures should be made every three or four days to maint^ 
the strain. When accustomed to artificial growth, cultures survive 
longer if kept at 37° C. and in a moist condition, but die at room 
temperature in two days. , 

Biochemical Reactions.— With the same sugar-contaimng media used 
for meningococcus, the gonococcus ferments glucose but not maltose. 

Antigenic Characters.— The gonococcus is not antigenically homo- 
geneous; there are probably two main serological groups with inter- 
mediate types. There is an antigenic relationship with the meningooccus. 

Pathogenesis.— The gonococcus is a strictly human parasite and aU 
attempts to infect animab from mice to monkeys have failed. Its 
toxicity to animals is due to an endotoxin like that of the memngococcus. 

In the male the organism infects the mucosa of Ae urethra md 
produces a suppurative inflammation with purulent discharge. Ihe 
cocci are present in large numbers in the discharge at an early stage, but 
later diminish, and are then associated with secondary infecting o^- 
isms-e.g. pyogenic cocci, coliform bacilli, diphtheroid bacilh. Infec- 
tion may spi-ead backwards to the prostate, semm^ vesicl«» and ep - 
didymis or may invade the peri-urethral tissue (producing a peri- 
urethral abscess and subsequent stricture). but 

In the adult /ema/e the urethra and 
rarchr the vaeinal mucosa. Infection may extend to the vrattbuto 
glanL, the endometrium and the Fallopian mbes (causing salpu^ is) 
and even the peritoneal cavity may be invaded. 
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Blood invasion may result from primary gonorrhoeal infections, and 
arthritis and tenosynovitis may occur as complications. While the 
gonococcus has on occasion been cultivated from the joint fluid in 
Lthritis, the possibility of gonococcal arthritis being a manifestation of 
allergy must also be considered. Ulcerative endocarditis has been noted 
as a rare sequela. Purulent conjunctivitis may sometimes occur as a 
complication. 

In female infants and children the gonococcus may produce a 
■yul’YTQ— vaginitis vi^ith involvement sometimes of the rectum. 
Outbreaks of this infection used to occur in paediatric vrards and 
children’s institutions, but are now rare. 

In newborn infants gonorrhoeal ophthalmia (acute purulent con- 
junctivitis) may result from direct infection at birth. 

Epidemiology —Gonorrhoea is a venereal infection spread by 
sexual intercourse. Incidence, which increased sharply during the Second 
World War, fell steadily in the post-war years, but is increasing again 
in Britain, probably related to greater laxity in extra-marital sexual 
intercourse, an increase in homosexuality and, in certain areas, to the 
large influx of coloured immigrants. Incidence is about four times more 
frequent in males than in females, prostitutes and other promiscuous 
women being the main reservoirs. 

Laboratory Diagnosis 

Films are made from the discharge. In the male : from the urethral 
discharge; the meatus should be cleansed with sterile gauze soaked in 
saline solution, and specimens are taken either with a wire loop or 
directly on slides. In the female: from the urethra and cervix uteri, 
with a wire loop or swab and with the aid of a vaginal speculum. 

The films are stained by (a) methylene blue and (b) Gram’s method 
(with neutral red or Sandiford’s stain as the counter-stain), and in the 
acute stage, both in the male and female, the occurrence of the char- 
acteristic Gram-negative intracellular diplococci is strongly suggestive of 
a gonorrhoeal infection, though it must be borne in mind that Gram- 
negative diplococci other than the gonococcus may occur on the mucous 
membranes of the genital passages, e.g, the commensal species to be 
described. 

In chronic infections, particularly in the female, the cocci may be 
relatively scanty in films and difficult to identify accurately among the 
secondary infecting organisms. In the male the ^'morning drop” of 
secretion from the urethra should be examined, or Alms made from the 
centrifuged urinary deposit or the discharge after prostatic massage. In 
the female the secretion from the cervix uteri should be examined* 

The diagnosis must be confirmed by cultivation, the organism being 
identified by cultural and biochemic^ characters, and differentiated 
from non-pathogenic neisseriae by fermentation tests; but where there 
is a mixed infection isolation of the organism may be technically diffi- 
cult. Inoculation with material to be cultivated should, if possible, be 
made directly from the patient on a suitable medium, and the culture 
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should be incubated onw. If the material is kept at room tempera- 
ture for some time before inoculation and incubation, or if it is allowed 
or^nisms may die and fail to grow on the culture medium. 

When it 18 impracticable to make direct cultures and it is necessary to 
use a swab for the transport of exudate to the laboratory, a swab on a 
wooden applicator may be broken into a tube of Stuart’s transport 
medium (p. 779). 

It should be remembered that in cases already treated with penicillin 
it may not be possible to demonstrate the organism in discharges. 

The Oxidase Reaction in the Detection of Colonies of the Gonococcus , — 
Cultures are made on plates of heated blood agar and after two days* 
incubation, freshly prepared 1 per cent, tetramethyl-^-phenylenedia- 
mine solution is poured on to the plate so as to cover the surface, and 
then decanted. The colonies of the gonococcus rapidly develop a purple 
colour (oxidase reaction). If subcultures are required from the colonies, 
these should be made immediately because the dye is bactericidal ; after 
five minutes it may not be possible to subcultivate them. This method 
is specially useful in dealing with heavily contaminated material con- 
taining only scaiity gonococci {e,g, cases of chronic cervicitis). Colonies 
of non-pathogenic neisseriae also give a positive oxidase reaction, but the 
purple colour develops more slowdy and is less intense. 

Serology— yht complement-fixation test is applicable for diagnosis of 
chronic infections and complications and may be of value to the clinician, 
particularly in the differential diagnosis of such conditions as salpingitis 
and arthritis. However, positive reactions are much less common since 
the introduction of the sulphonamides and antibiotics. 

Chemotherapy. — Although the sulphonamides were at first very 
effective chemotherapeutic agents, the development of sulphonamide- 
resistance, particularly in the Second World War, greatly reduced their 
value. Penicillin therapy has been applied with conspicuous success, 
although in recent years there has been evidence of the development of 
penicillin-resistant strains (Report, 1961). Gonococcal infections are 
also amenable to treatment with certain other antibiotics, e,g, streptomycin 
and the tetracyclines, though those drugs would be used mainly in 
penicillin-resistant cases. 

Non-specific Urethritis 

Much attention has been given in recent years to urethritis, usually 
of more chronic form, in which the gonococcus cannot be demonstrated, 
and other agents may be causally concerned. This condition has 
increased considerably in incidence since separate notification was 
begun in 1951 (10,794 cases), probably associated with a greater aware- 
ness and more accurate diagnosis; 24,472 new cases were reported in 
the United Kingdom in 1961. The infection differs epidemiologically 
in certain respects from gonorrhoea and a proportion of cases are 
probably non-venercal. It may form part of a more generalised disease 
with arthritis and conjunctivitis as major features (Reiter s syndrome). 

Pleuro-pneumonia-like organisms have been most often incriminated 
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and are present in a variable proportion of both male and female cases 
(and also in cases of prostatitis and qrstitis). However, these organisms 
are also found in a smaller proportion of healthy persons, particularly 
females, and their aetiological relationship to non-specific urethritis is 
still not proven. Other possible causative agents are Trichomonas, 
Haemophilus vaginalis and other bacteria, fungi and trauma. Attempts 
to find a virus aetiology for non-specific urethritis have so far been 
unsuccessful. 


THE COMMENSAL GRAM-NEGATIVE DIPLOCOCCI 

These organisms occur on various mucous surfaces of the body and 
are found with great regularity in the mucous secretions of the tlxroat, 
nose and mouth; they may likewise occur on the genital mucosae. 
When inflammatory or other pathological conditions affect these mucous 
membranes, such commensals often flourish in large numbers and 
constitute a prominent feature of the local bacterial flora. They may 
possibly act as secondary infecting agents in such conditions, but appear 
to have little or no intrinsic virulence. 

Classification 

It should be noted that there is some uncertainty regarding the 
biological classification of this group of organisms, and the taxonomic 
significance to be attached to colony characters, pigmentation and 
fermentation of different carbohydrates is doubtful. The group, how- 
ever, can be broadly divided into two subgroups: (1) characterised by 
complete absence of fermentative properties, e.g. N. catarrhalis, and (2 
possessing such properties, e.g. N. flava and related types (see Table). 


Fermentative Reactions of Neisseria Group 


Glucose 

Maltose Lactose 

Sucrose 

Meningococcus . _L 

1 . - 

— 

Gonococcus . . ± 

— 

— 

N. catarrhalis . — 

— — 

— 

N. flava and related types ± 

1 

1 


( ± =acid; i = variation in reaction among different t 5 rpe 8 .) 


Neisseria catarrhalis 

A frequent commensal in the throat and nose and often present in 
large numbers in catarrhal inflammations of the respiratory tract. 

Morphology and Staining . — ^Practically identical with the meningo- 
coccus. In some strains the cocci are relatively large. 

Cultural Characters . — Grows on ordinary media without serum and 
at room temperature; the colonies may be larger than those of the 
meningococcus, especially when fully grown, and are thicker and more 
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Opaque. The colony characters, however, may vary considerably, and 
both ‘smooth” and “rough” forms are observed. The organism 
exhibits no fermentative properties. Cultures when emulsified in 
saline tend to be auto-agglutinable. 

N. catarrhalis is not agglutinated by meningococcus antisera. 

Neisseria fiava 

The morphology of these organisms is like that of iV. catarrhalis and 
they grow on ordinary media at room temperature. Cultures develop, 
after 48 hours, greenish-yellow or greenish- grey colours. Young 
colonies may simulate closely those of the meningococcus. 

Biochemical reactions vary according to the type (see Table). 

Neisseria flavescens, — ^This organism has been described as the 
causative pathogen in a group of cases of meningitis in America. It 
resembles the meningococcus in morphology, but on blood agar pro- 
duces golden-yellow colonies. It does not ferment carbohydrates. It 
may be biologically related to N. fiava. 

Neisseria mucosa, — Differs from the other members of the group in 
being definitely capsulate and producing mucoid colonies. This type 
may represent a variant of one of the other members of the group. 
Strains corresponding to it have been reported in cases of meningitis. 

Neisseria sicca, — Resembles N, catarrhalis^ but its colonies are 
markedly dry, tough and adherent to the medium. It seems possible 
that this organism is not a separate species, but a “rough” variant of 
some other member of the group. 

Organisms of Genus Veillonella 

These are of some interest in view of their occurrence as com- 
mensals in natural cavities of man and animals, particularly the mouth 
and alimentary tract. They have not been definitely proved pathogenic 
though sometimes isolated from cases of appendicitis, pyorrhoea and 
pulmonary lesions, and regarded as potentially pathogenic. 

They are minute Gram-negative cocci about 0*3 /x in diameter and 
occurring in masses. In cultural characters they are anaerobic and grow 
best at 37^ C. The type species is Veill, parvula^ whose distinctive 
characters are: the formation of hydrogen, carbon dioxide, hydrogen 
sulphide and indole from polypeptides, the fermentation of glucose and 
certain other sugars, haemolytic action, and the reduction of nitrate 
to nitrite. 
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CHAPTER 13 

CORYNEBACTERIUM 

D^bjVkmi— G ram-positive rods, arranged in pairs or palisades; often 
with club-shaped swellings at the poles; generally staining irregularly 
(metachromatic granules); non-motile, non-sporing, non-capsulated; 
aerobic, micro-aerophilic or facultative anaerobe; some species produce 
a powerful exotoxin. 

Corynebacterium diphtheriae is the causative organism of diphtheria, 
which, in its characteristic form, consists of a locdised inflammation in 
the throat with adherent exudate (false membrane) and a toxaemia due 
to the secretion and dissemination of a highly potent exotoxin. Certain 
species (C. pyogenes, C. renale, C. ovis, etc.) cause acute or chronic 
suppurative lesions in various domestic and laboratory animals. 
Erysipelothrix and Listeria, which are closely related members of the 
Corynebacteriaceae family, are primary pathogens in animals but some- 
times cause infection in man. 


CORYNEBACTERIUM DIPHTHERIAE 

Morphology and Staining. — Slender rod-shaped organism, straight 
or slightly curved ; the averrge size is 3 /x by 0-3 ft, but longer and shorter 
forms may be noted; the ends are often expanded; it is non-motile 
and non-sporing. In culture, involution forms may be observed which 
are pear-shaped, club-shaped or even globular. The bacillus is Gram- 
positive, though more readily decolourised than many other Gram- 
positive organisms; stained with methylene blue it shows a “beaded” 
or “barred” appearance: the latter is characteristic of the intermedius 
type of diphtheria bacillus. By Neisser’s method, volutin (meta- 
chromatic) granules are characteristic, staining blue-black in contrast 
with the light-brown coloration of the rest of the organism; the 
granules are mainly polar in situation. If over-decolourised in the Gram 
method the granules tend to retain the violet stain, while the rest of the 
organism is decolourised. These characteristic staining reactions depend 
on environment; thus, in culture, volutin granules are most pronounced 
when the bacillus is growing on a serum medium such as Ldffler’s; 
by electron microscopy they can be demonstrated as well-defined 
struclures. Appearances also vary among strains, some of which 
exhibit very short forms with poorly developed granules {e.g. gravis 
type). 

By phase contrast microscopy one or more septa can be observed in 
a single diphtheria bacillus, and the intermedius type appears to be 
multicellular. Branched forms have also been observed. 

Cultural Characters. — ^Aerobe; temperature range, C.; 

optimum, 37° C.; grows on ordinary nutrient media, but best on 
serum media. 



diphtheria 


179 

Colonies on Loffler’s serum — at first small, circular, white, opaque 
disks with regular borders; later the centres become thicker and the 
borders crenated; they may reach 3-4 mm. in diameter after several 
days’ growth ; sometimes the growth on serum shows a distinct yellow 
tint. 

Broth — some strains grow in small white masses, which sediment in 
the tube and also adhere to the side; surface film of growth may also 
develop. Other strains produce a uniform growth in broth. 

On a medium containing potassium tellurite the diphtheria bacillus 
reduces the tellurite and yields greyish or black colonies. Potassium 
tellurite is also selective in certain concentrations for this organism 
and the allied diphtheroid bacilli. 

On blood tellurite media the colonies tend to show distinctive 
appearances. Three types of colony have been recognised as char- 
acteristic of different biological types, designated C. diphtheriae gravisy 
mitis and intermedixis. The designations graviz and mitis have been 
applied in virtue of the association of these types with severe and mild 
forms respectively of the disease. The gravis type produces relatively 
large greyish-black, flat, lustreless colonies exhibiting often a ‘‘daisy- 
head” formation. Growth in broth is granular. The mitis type yields 
a convex, smooth, translucent colony, and growth in broth presents 
a uniform turbidity. The intermedins type is represented by relatively 
small, black, lustreless colonies with domed centre and flat, irregular 
margin, like a poached egg. 

The colony characters on Hoyle’s tellurite medium and blood agar 
are described later in relation to the diagnosis of diphtheria. 

Viability, — In culture, diphtheria bacilli may remain alive for two 
or more months at room temperature. In the moist condition they 
are comparatively easily killed by heat (in ten minutes at 60° C.), but 
when dry survive for much longer periods. Diphtheria bacilli may 
remain alive and virulent for a considerable period in the dust of premises. 

Biochemical Reactions,— FttmtiiXs with acid production, glucose, 
galactose, maltose and dextrin, but not lactose, sucrose or mannitol. 
(Some strains of proved virulent diphtheria bacilli have been stated to 
ferment sucrose). No proteolytic activity. 

Gravis strains ferment starch and glycogen, and these reactions are 
characteristic features of this type. These reactions can be elicited by 
using Hiss’s serum medium made with 0*1 per cent, peptone- water: 
phenol red may be used as the indicator, the initial pH being 7*6. Acid 
production also causes clotting of the medium. 

Haemolysis,— Sttdxm of the mitis type are generally haemolytic when 
growing in a medium containing ox or rabbit blood; the intermedt^ 
strains are invariably non-haemolytic; strains of the^aw type usually 

lyse rabbit but not ox blood. . , , . t • i ^ r 

It should be noted that the stability of the biological t 52 )es of toe 
diphtheria bacillus has been questioned; thus, it is stated that stoms 
undergo variation in colony form and starch fermentatton. Steams 
which do not fit into the three biological types have been isolated from 
both cases and carriers. 
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Antigenic Characters. — By agglutination reactions with antisera 
gravis strains have been classified into thirteen t 3 rpes, of which type I 
has been found to be by far the conunonest in Great Britain. Among 
intermedius strains four t 3 rpes have been recognised, and mitis strains 
have been allocated to forty different types, one type being related 
to a particular gravis type. 


Diphtheria Toxin 

The diphtheria bacillus produces a powerful exotoxin with special- 
ised toxic properties. While the bacillus remains localised at the site 
of infection, the diffusible toxin is absorbed into the blood stream 
and leads to the various systemic disturbances of diphtheria (in par- 
ticular myocardial damage) and to such sequelae as post-diphtheritic 
paralysis. 

It has been observed that diphtheria due to the gravis type of 
bacillus may be of a hypertoxic type and refractory to antitoxin treat- 
ment. All strains of the diphtheria bacillus produce the same toxin, 
but it has been claimed by O’Meara (1940) that two distinct sub- 
stances, designated A and B, enter into its constitution and that the 
toxins from different strains may vary in the relative amounts of these 
constituents. According to O’Meara the A substance is the toxin which 
is lethal to the guinea-pig; the B substance is not definitely toxic per se 
but acts by promoting the spread of A in the tissues, and if it is formed 
in sufficient amount renders the latter hypertoxic. O’Meara points 
out that the avidity of antitoxin depends on its power to neutralise the 
B substance and that for the production of an avid antitoxin, the toxin 
used must be rich in the B constituent. 

When diphtheria bacilli are grown in suitable fluid media, abundant 
toxin is produced. The strain used is, however, of considerable import- 
ance, for in artificial culture the organism may not adapt itself so readily 
to toxin production as it does in the human body. A single strain 
(Park-Williams No. 8) of the intermedius type is almost universally used 
for toxin production on a large scale. The bacilli are removed from the 
culture by filtration or other means, and the bacteria-free liquid, which 
contains the exotoxin mixed with the culture medium and other 
products of bacterial growth, is referred to as toxin. 

Certdn cultural conditions and nutritional ingredients arc required 
for maximal production of diphtheria toxin. It is now possible to 
produ<» very potent toxin in a medium containing known amino 
acids, inorganic salts, maltose, and in addition, certain growth factors 
(pimelic acid, nicotinic acid and jS-alanine). The toxin produced in 
^s t)^ of synthetic medium has been isolated in a purified state; 
it has the properties of a labile protein with a molecular weight of 
15,000 to 72,000 and a lethal dose of O’OOOl mg. for a 250-gram guinea- 
pig. 

T^ toxin is unstable and its potency diminishes on exposure to air 
and light. In sealed tubes and in the dark it may remain unaltered for 
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several weeks. The reduction in toxicity is due to the spontaneous 
conversion of toxin into toxoid^ which has no pathogenic effect on 
animals but still retains the power of combining with antitoxin and of 
stimulating specific antibodies (antitoxin). 

The conversion of toxin into toxoid can be carried out most effec- 
tively by adding 0*3 per cent, of formalin and incubating the toxin for two 
or three weeks at 37° C. The change from the toxic into the non-toxic 
state is assessed by injecting the material into guinea-pigs; when 5 ml* 
injected subcutaneously or intraperitoneally produce no symptoms, the 
change is re^rded as complete. Toxoid produced through the action 
of formalin in this way is a valuable immunising agent. 

Tests for Toxigenicity, ^When organisms morphologically resembling 
the diphtheria bacillus are found in the throat or nose unassociated with 
active disease (f.e. in carriers), it is important to determine whether they 
are virulent, toxigenic. The virulence test is usually done by the 
intradermal injection of a pure culture into guinea-pigs as follows. 

The primary culture from the nose or throat is plated out on a 
tellurite medium, and a single colony is subcultured to obtain a pure 
growth. The fermentative powers of the selected pure growth are 
tested, and if the organism ferments glucose, but not sucrose, a sus- 
pension from a culture on LfOfiler’s serum or serum agar is made 
in broth of such a strength that the fluid is distinctly opalescent (about 
5 X 10® bacilli per ml.). Two white guinea-pigs of about 400 grams 
weight are selected, and the hair is removed from the flanks. The 
day before the test is carried out, one of the animals— the control 
guinea-pig — ^is injected intraperitoneally with 1000 units of diphtheria 
antitoxin {vide infra). For the actual test each guinea-pig is injected 
intradermally with 0*2 ml. of the suspension of organisms, a l-ml. 
syringe and fine-bore needle (26 gauge, | in. long) being used. Up 
to 8-10 different cultures may be tested on each guinea-pig, and the 
injections should be at least one inch apart. A careful note of the 
position of the injection of each different culture should be made. The 
test guinea-pig is now injected with ^th unit of antitoxin per gram of 
body-weight. The guinea-pigs are examined 24, 48 and 72 hours after 
inoculation. 

Virulent diphtheria bacilli produce in the test animal a well-defined 
red area about 15 mm, in diameter. After the third or fourth day the 
colour fades, leaving a necrotic patch with a scab surrounded by growing 
hair. The control guinea-pig shows no such reaction, the puncture 
wound caused by the needle being generally the only evidence of 
injection. If the organism is non-virulent there is no reaction in either 
the test or control animal. A reaction in both animals shows that the 
organism is not the diphtheria bacillus, because the products of growth 
are not neutralised by diphtheria antitoxin, as indicated by the reaction 
of the control animal. 

Rabbits are also suitable for intradermal virulence tests, and some 
workers have used these animals for the purpose. 

Subcutaneous injection of a culture of toxigenic C. diphtheriae (or 
of the toxin) in an unprotected guinea-pig causes death within two to 
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four days with characteristic haemorrhages in the suprarenal glands 
and blood-stained pleural effusion. 

The Gel-precipitin Test — The production of toxin by a virulent 
strain of C. diphtheriae may be demonstrated by the line of precipitation 
when toxin meets antitoxin in the agar gel diffusion technique (Elek, 
1948; Ouchterlony, 1948). For technical details, see Chapter 54. 

Diphtheria Antitoxin , — By immunising horses with toxoid and then 
with toxin, both in repeated doses, an antitoxin is produced from the 
tissues and is present often in large amount in the blood; the serum 
of such animals constitutes diphtheria antitoxin. The principles used 
is the standardisation of diphtheria antitoxin are described in chapter 52. 

Pathogenesis* — The local infection occurs t 5 rpically in the faucia 
region in the form of an adherent greyish-white exudate or *Tals( 
membrane*’. Infection often begins on one side of the fauces, usuallj; 
on the tonsils, and gradually extends to involve the whole oropharynx.\ 
The bacilli are present in large numbers in the adherent exudate and in 
the throat secretions. They do not invade the lymphatics to any extent 
and there is no blood invasion. The diffusible toxin has a marked 
affinity for heart muscle and death in the severe infections is usually 
due to acute myocarditis and heart failure. In nasal diphtheria, char- 
acterised by crust formation, the organisms can be detected in the 
blood-stained nasal discharge. Infection of wounds, the conjunctiva, 
vulva and vagina may occasionally occur. A diphtheritic paronychia 
is sometimes met with. 

The most severe forms of diphtheria are mostly caused by the gravis 
and intermedius types. The mitis t 5 rpe is usually associated with mild 
infections except when it involves the larynx and trachea (laryngeal 
diphtheria), when it may cause severe illness and death by obstruction 
and anoxia. The relative prevalence of these types varies in different 
areas and varies also at different times. 

Epidemiology* — Before immunisation was introduced on a national 
scale in this country, the incidence of clinical diphtheria ranged from 
50,000 to 60,000 cases annually, with 2500 to 3000 deaths. It is a disease 
of early childhood with peak incidence around four to six years of age, 
but when the large-scale immunisation of children has been well devel- 
oped there is a shift of infection to young adults. Infection is rare in 
early infancy because of the passive immunity transferred via the 
placenta from the mother. Infection is spread by close contact, e.g. 
in schools, families and institutions, but the actual mode of transference 
has not been clearly defined. Spread by contaminated dust and 
fomites may play a more important part than direct droplet infection. 
Nasal cases and carriers have long been recognised as particularly 
dangerous sources of infection and there is evidence that, like heavy 
nasd carriers of Strept pyogenes^ they may disperse very large numbers 
of diphtheria bacilli in ffieir immediate environment. Persistent throat 
or combined nose and throat carriers follow clinical infection in 5-10 
per cent, of cases and no doubt contribute to the spread of infection. In 
investigating outbreaks of infectioUi nose and throat swabs from all 
contacts should be examined and Schick tests (q.v.) done, so that (a) the 




I^hotoji^raph showing? the rccojcrnition of toxijrcnic strains of the 
diphtheria bacillus by iClek’s method. In the centre is the 
horizontal strip of filter paper containing the antitoxin with 
the growths of the diphtheria bacillus at right angles to it. 
"rhe fine white lines showing a positive reaction are well 

defined. 
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carriers may be segrejgated and (b) the susceptibles protected by com- 
bined active-passive immunisation (see Chap. 43). Carriers as well as 
cases of diphtheria have become rare in communities subjected to mass 
immunisation. 


Schick Test 

When a minute quantity of diphtheria toxin is injected intra- 
dermally, a lo^l reaction follows in persons with less than a certain 
content of antitoxin in the blood. The average amount of antitoxin 
required to ensure neutralisation of the test dose of toxin is about 
1 /200 of a unit per ml. of blood, but there may be considerable variation 
in antitoxin content among non-reactors. This reaction has been 
extensively applied with a view to gauging immunity or susceptibility 
to diphtheria. As an indicator of the amount of antitoxin in the blood 
and of actual resistance or susceptibility to diphtheria its value must be 
regarded as relative. 

For the test a matured and stabilised toxin preparation is chosen, 
and the selected dose is that amount which is just neutralised by ap- 
proximately 1/1000 unit of antitoxin. The toxin preparation is diluted 
with a special buffer solution^ so that 0-2 ml. contains the test dose. 
This is injected intradermally in the left forearm, and, as a control, 
an equal amount of a similar dilution of the same toxin previously 
heated at TO'^-SS^ C, for thirty minutes is injected intradermally in 
the right forearm. A positive Schick reaction consists in an area of 
redness and swelling appearing after one or two days, reaching its 
maximum about the fourth day, when it measures 1-5 cm. in diameter. 
It persists for 7-15 days, and on fading shows superficial scaling and a 
persistent brownish pigmentation. The absence of reaction on either 
arm Le, ‘‘negative Schick reaction” indicates that the toxin has been 
neutralised, sufficient antitoxin being present in the blood of the 
individual. A “pseudo-reaction” may occur, i.e, an area of redness 
appearing early (within 6-12 hours), which is less intense and usually 
disappears in one to three days. If this appears in a Schick-negative 
person, both forearms show similar reactions; in a positive reactor, the 
unheated toxin produces a reaction which is more pronounced and more 
persistent than that due to the heated material. A convenient time to 
examine results is between the fifth and the seventh days when true 
reactions are still visible and pseudo-reactions have faded. 

Pseudo-reactions are more common in older children and adults, 
because they have apparently been sensitised by exposure to diphtheria 
bacilli. Pseudo-reactors are usually immune to diphtheria. Children 
between six months and eight years of age are generally non-sensitised 
and rarely suffer from reactions after prophylactic immunisation. 
However, in older children a preliminary Schick test should be earned 
out to ascertain whether immunisation is required; pseudo-reactors 


I A miYture of 57 crams crvstal borax, 84 grams boric acid, 99 grams sodium (^oride 

is made: 1 5 grams ofdiis mixture «e .ddSuS 

amount of human serum (containing no detectable antitoxm) may also be added as 

astabiUser. ^ 
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should not receive any diphtheria prophylactic b^use of the risk of 
severe reactions and because most of them will be immune. 

Laboratory Diagnosis 

A specimen of the throat secretion should be obtained. No anti- 
septics (e.g. in form of gargles, etc.) must have been applied within 
twelve hours. A sterile throat swab should be rubbed over the affected 
area, or, where there is no definitely localised lesion, over the mucous 
membrane of the pharynx and tonsils. 

Various diagnostic methods for cultivating and identifying the 
diphtheria bacillus have been advocated. The following procedures may 
be recommended. 

A tube of LofHer’s medium is inoculated by rubbing the throat 
swab over the whole surface of the medium, moistening the swab in the 
condensation water at the foot of the tube. The tube is incubated for 
12-1 8 hours at 37° C. If an earlier result is urgently required, the culture 
may be examined after 6-12 hours: if this should be negative, however, 
the examination must be repeated after 18-24 hours. 

The resulting growth is mixed by emulsifying it with a wire loop 
in the condensation fluid, and from this, films are made and stained by 
Neisser’s or Albert’s method. 

Films may also be made directly from the swab and stained by the 
above methods, but only in a small proportion of cases can positive 
results be obtained in this way, and cultures should always be made as 
a routine procedure, irrespective of direct examination. 

In the case of suspected throat diphtheria, the appearance in cultures 
of bacilli showing the characteristic morphology and stainii^ reactions 
(especially the metachromatic granules by Neisser’s or Albert’s stain) 
may be regarded as significant in confirming the clinical diagnosis. 

It should be noted that in some cases other organisms may overgrow 
the diphtheria bacillus in culture and lead to an apparently negative 
result. Moreover, the gravis type is often difficult to recognise in early 
grovrths, the bacilli being short and thick with absence of metachromatic 
granules. In mild cases and carriers the bacilli may be scanty and 
easily missed. 

In the case of supposed nasal diphtheria, diphtheria carriers, 
diphtheria affecting mucous surfaces other than the throat, and wound- 
diphtheria, the microscopic examination of cultures is not conclusive. 
The suspected or^nism must be isolated in pure culture and its virul- 
ence or toxigenicity determined as described on p. 181. 

The above method cannot be relied on in all cases, and it is essential 
to cultivate the swab at the same time on a tellurite medium, incubating 
for 2^28 hours and making a diagnosis by recognition of the charac- 
teristic colonies, including the identification of the different colony- 
types, gravis,^ mitis and intermedius. (On tellurite media the typical 
metachromatic granules may not be demonstrable.) The two methods 
used together serve to check one another. It should be remembered 
that while tellurite inhibits many other organisms, diphtheroid organ- 
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^ the diphtheria bacillus, and must be 
^refully differentiate from the latter. Hoyle’s tellurite medium may 
be reonomended. Growths are only just visible after twelve hours, 
but by using a plate-culture microscope colonies of C. diphtheriae can 
often be recognised by certain characters {^vide infra)', at this stage, 
however, the value of the plate is mainly in attracting attention to the 
presence of diphtheria bacUli missed on the Loffler’s medium. After 
18—24 hours the powth is more abundant, the characters of the 
colonies are more distinct and by the combined use of the two methods 
a high degree of diagnostic accuracy is attained. When the bacilli 
are scanty or^ when nasal or aural swabs are examined, 36-48 hours 
may be required for the recognition of C. diphtheriae colonies, and 
if there is any doubt at 24 hours, further incubation should be allowed 
before reporting. The tellurite plate also facilitates the isolation of 
pure cultures, and when there is difficulty in identifying the diphtheria 
bacillus by colony characters, and where this organism occurs in a 
carrier, a pure culture must be obtained and tested for its biochemical 
reactions and virulence. If, however, the organisms present all the 
characters of the gravis or intermedius type, in bacteriological practice 
in Britain, virulence has been generally assumed without resorting to 
a toxigenicity test. 

As tellurite has some degree of inhibitory effect on the diphtheria 
bacillus, the swab may be plated on digest agar containing 10 per cent, 
horse blood, which also helps to clarify a differential diagnosis of sore 
throat due to Strept. pyogenes. The diphtheria bacillus grows well on 
this medium, and, after incubation overnight, colonies can often be 
recognised and differentiated from those of other organisms. If no 
colonies can be recognised, a film is made from the confluent part of 
the growth on the plate and stained by Albert’s method. This gives 
the same information as the microscopic examination of a Loffler’s 
serum culture. 

It must be emphasised here that the responsibility for the diagnosis 
of diphtheria rests with the clinician. The bacteriologist can merely 
state whether organisms morphologically resembling the diphtheria 
bacillus are present in cultures from the specimen submitted to him or 
whether the growths on a tellurite medium are typical of this organism. 
Failure to find such organisms does not necessarily exclude diphtheria, 
nor does their presence prove the disease to be diphtheria. If the 
clinician considers a case to be diphtheria it is his duty to administer anti- 
toxin at once, and continue to do so even if a negative laboratory report is 
received. The case fatality is directly correlated with the delay in 
administering antitoxin, and where there is reasonable suspicion that the 
case may be diphtheria, antitoxin must immediately be used without 
waiting for a bacteriological report. It is also emphasised that a reliable 
laboratory report, particularly in cases where there is doubt climcally, 
cannot be made under 18-24 hours, and at that stage the bacteriologist 
Can report on morphological or cultural appearances only. To prove 
conclusively the identity and virulence of the organism may ne^iUte 
tests extendipg over several days. In order that the bacteriological 
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report should be as helpful as possible, the utmost care must be taken 
that a suitable specimen is submitted and precise details as to the nature 
and source of the material should be furnished. 

Allowance being made for the possible limitations of the diagnostic 
methods described, the results of such examination have undoubtedly 
proved of the greatest value as an aid to, and confirmation of, the 
clinical diagnosis. 


The Recognition of Colonies of C. diphtheriae on 
Hoyle’s Medium (Wright, 1943) 

After 12 hours' Incubation . — To the naked eye, growths of the gram 
and mitis types represent a grey ‘‘haze’" hardly distinguishable from growths 
of diphtheroid bacilli, though the latter are somewhat blacker and motie 
glistening. Magnified and by reflected light, the colonies are matt and not 
smooth like those of diphtheroid organisms. The intermedins type show very 
tiny colonies which are strikingly uniform in size and appearance. 

After 24-48 Hours. — Gravis type — seen by daylight, growths are slate-grey 
with a bluish tinge; individual colonies have a paler border and if w^ell 
separated attain a diameter of 3 mm. after 36-48 hours. Magnified and by 
reflected light from an electric bulb, the surface of the colonies has a ground- 
glass appearance which only indistinctly reflects the image of the bulb; 
touched with a wire and observed with the plate-culture microscope the 
colonies are seen to break up very readily; the shape may approximate to the 
daisy-head formation as originally described, but often the colonies show 
merely a radial striation sloping from the raised centre to the slightly crenated 
periphery; sometimes the colonies are convex and circular in outline, with 
only slight striation and crenation. 

Mitis Type — the colour, consistence and size of colonies are similar to those 
of the gravis type and they also show a ground-glass appearance, though more 
glistening; the colonies, however, are convex and have a perfectly circular 
outline. 

Intermedins Type — ^the colonies are never larger than 2 mm. and growths 
are more delicate than those of the other types; magnified and by trans- 
mitted light, the colonies are very uniform in size and seem ‘‘pricked out** on 
the surface of the medium; they are blacker than the other types, but are of 
the same roughness and consistency; they are usually domed and circular 
with a tendency to crenation, but occasionally the margin is flattened and they 
show a “poached egg’* appearance; after 48 hours they are frequently 
papillate. 

It should be noted that these colonies are sometimes difficult to dis- 
tinguish from those of certain streptococci growing from throat swabs, but 
the latter are black or brown and somewhat flatter. A microscopic examina- 
tion should be made if there is any doubt. 

Diphtimoid Badllu — Growths are generally more glistening than those of 
the diphtheria bacillus; magmfied and by reflected light, colonies usually 
have a smooth surface on which the image of the electric bulb is sharply 
delineated; in colour, they range from black or dark-brown to pale grey or 
greyish-white; the characteristic slate-grey colour of the gravis type of 
^phtheria bacillus is seldom seen; colonies are sometimes tough or mucoid 
in consistence, or soft and butyrous. 

In examining plates a uniform procedure should be used throughout, since 
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the pre^ appearwce colour vary with the nature of the illuminant and 
the angle or the hght. Colour is best seen with the naked eye in the confluent 
parts of the growto. It must also be remembered that variations in batches 
of medium may influence colony characters; and in diagnostic work it is 
adypitageous to um, for comparison, plates on which known strains of gravis, 
mitts and intermedtus types have been inoculated and grown at the same time 
as the cultures under examination. 


Chemotherapy.— ^lliough diphtheria bacilli are sensitive to peni- 
cillin and other antibiotics, these drugs have no direct antagonistic 
action on diphteria toxin and cannot be substituted for antitoxin 
therapy. Penicillin ^d erythromycin have, however, been used with 
some success to eliminate diphtheria bacilli from the respiratory tracts 
of both cases and carriers. 

Prophylaxis.-— Individuals having little or no antitoxin in the blood 
stream, e.g. as indicated by a positive Schick reaction, may be actively 
immunised by the injection of one of the following preparations: — 

(1) Formol-toxoid (FT): diphtheria toxin rendered non-toxin 
by formalin. The recommended dosage is three intramuscular or deep 
subcutaneous injections each of 1-0 ml. at four-weekly intervals. How- 
ever, recent studies have shown that purified diphtheria toxoid is, per 
se, a poor antigen. 

(2) Toxoid-antitoxin floccules (TAF): a suspension of the pre- 
cipitate of floccules formed when toxoid and antitoxin are mixed in 
appropriate “neutralising” amounts. Its tendency to cause reactions 
is slight, and a good immunity follows the injection of three doses, 
each of 1 ml., given at intervals of four weeks. TAF has been recom- 
mended for the immunisation of adolescents and adults. 

(3) Alum-precipitated toxoid (APT): a suspension of the washed 
precipitate produced by the addition of a small amount of aluminium 
hydroxide to toxoid. The precipitate is relatively insoluble and the 
toxoid is gradually liberated from the site of injection. Reactions are 
negligible in children under eight years, but in older children and 
adults they may be somewhat more severe than with TAF. Two 
doses, each of 0-5 ml. are given at an interval of four weeks, but this 
interval may be lengthened, e.g. to three or six months without any 
loss of antibody response to the second dose. 

(4) Another alum-containing prophylactic is a suspension of purified 
toxoid adsorbed on hydrated aluminium phosphate (PTAP) and 
this preparation is a more potent and more reproducible antigen than 
APT. However, with alum-adsorbed antigen there is a slight risk of 
provocation poliomyelitis in susceptible individuals Chap. 43). 

Whatever prophylactic is used, a subsequent Schick test should be 
carried out on a sample of the inoculated community to test the immun- 
izii^ potency of the antigen. 

When an outbreak of diphtheria has occurred in a school or instotu- 
fion, the susceptible contacts should, after preliminary Schick-tMting, 
be given passive immunity by the injection of a small^ dose of antitoxin 
(500-1000 units) followed by active immunisation, which may be begun 
immediately or after two weeks. 
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DIPHTHEROID BACILLI 

These are non-toxigenic corynebacteria with little or no patho- 
genicity. 

Corynebacterium hofmannii 

A commensal of the throat. 

Morphology and Staining . — Compared with the diphtheria bacillus 
it is shorter (about 2 /m) and may present a somewhat oval shape; 
stained with Loffler’s methylene blue, an unstained bar in the middle 
of the organism is a frequent character and renders it not unlike a 
diplococcus. It is strongly Gram-positive; usually no volutin granule 
are detected by Neisser’s or Albert’s stains. I 

Cultural Characters . — Grows aerobically on ordinary media ; growths 
are more abundant than those of the diphtheria bacillus, and the coloni^ 
are larger and more opaque. For appearances on one of the telluritB 
media, see p. 186. 

Biochemical Reactions . — No fermentation of glucose or sucrose. 

It is non-pathogenic to laboratory animals. 

Corynebacterium xerosis 

A commensal in the conjunctival sac; it was originally thought to be 
the cause of xerosis conjunctivae. Closely resembles the diphtheria 
bacillus, and may show volutin granules. 

Can be differentiated from the diphtheria bacillus by its production 
of acid in sucrose as well as in glucose and by its non-pathogenicity to 
laboratory animals. 

Cor 3 mebacterium acnes {Propionibacterium acnes) 

An organism associated with acne, but its aetiological relationship 
to the disease is doubtful. It is Gram-positive, rod-shaped, and 
measures about 1-5 fi by 0-5 fi. It is markedly pleomorphic and 
frequently shows a beaded appearance; Micro-aerophilic. 

Other Diphtheroid Tj^es 

Certain of these present a close morphological similarity to the 
diphtheria bacillus, and may exhibit the characteristic volutin granules 
by Neisser’s staining method, though differing in fermentative re- 
actions, e.g. fermenting sucrose. They are mostly non-pathogenic, and 
have been isolated from the secretions of the nosC and nasopharynx, 
the external ear, conjunctival sac, the skin, lymph glands (apart from 
disease) and other tissues, pus, wounds, etc. 

Barratt has described diphtheroid bacilli in the nasopharynx which 
tend to resemble Corynebacterium ovis, the Preisz-Nocard bacillus 
(cids infra) ■, these organisms liquefy gelatin; they are virulent to 
guinea-pigs and rats, but diphtheria antitoxin has no protective action 
against Aem. Cook and Jebb have reported somewhat similar organ- 
isms which ferment starch and might seem to be intermediate between 
C. diphtheriae gravis and C. avis (Cook & Jebb, 1952). 
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Infections in Animals 

The following corynebacteria are common pathogens among domestic 

Corynebacterium ovis {Pseudotuberculosis ovis) 

iVorarrf bacillus^ is the causative organism of caseous 
lymphadenitis and psuedotuberculosis in sheep. A similar organism is 
associated also with ulcerative lymphangitis of horses {vide infra). 

This organism is allied to C. diphtheriae in its biological characters. 

Morphology and Staining. — Non-motile, slender rod-shaped organisms 
1—3 fi in length by 0*4 jj, in breadth. When stained^ it shows beading or a 
barred appearance like other diphtheria-like bacilli, and is Gram-positive. 
By Neisser’s method volutin granules can be demonstrated. Club-shaped 
forms may be noted. 

Cultural Characters.— Growth occurs at 37^ C. under both aerobic and 
anaerobic conditions on ordinary nutrient media. 

Agar — growth is at first scanty; the colonies are small, thin, dry and 
greyish-white in colour, folded and granular and often show concentric 
rings. 

Loffler’s medium — colonies are similar to those on agar, but exhibit a 
yellowish colour; there is no liquefaction. 

Broth — a granular growth occurs with sometimes a surface pellicle. 

Gelatin — slow liquefaction occurs with most strains. 

Glucose, maltose and dextrin are fermented, but usually not sucrose, 
lactose or mannitol. A haemolysin is produced. 

Occurrence . — The associated disease in sheep is chronic and characterised 
by involvement of lymphatic glands, which are enlarged and caseous. 
Caseous nodules are seen also in the internal organs, e.g. lungs, spleen, liver 
and kidneys. The organism can be demonstrated in films or sections prepared 
from the various lesions. 

Experimental Inoculation . — Laboratory animals, e.g. guinea-pig and rat, 
are susceptible to experimental infection with cultures. Intravenous injection 
in the guinea-pig produces a lethal effect ^^ithin about ten days, and at autopsy 
caseous areas are noted in internal organs, e.g. lungs and liver. Intraperitoneal 
injection in a male animal leads to involvement of the tunica vaginalis as in 
the case of experimental glanders. Subcutaneous injection is followed by 
lymphatic gland involvement, the glands showing the characteristic caseation. 
In rats, inoculation produces a fatal septicaemia. Sheep are also susceptible 
to experimental inoculation and die with an intense icterus associated with 
intravascular haemolysis. 

This organism produces an exotoxin resembling, to some extent, that of 
the diphtheria bacillus, but not neutralisable by diphtheria antitoxin. Guinea- 
pigs are highly susceptible to this toxin and show at the site of subcutmeous 
inoculation an inflammatory lesion with oedema and haemorrhage, while the 
internal organs are congested and often contain small haemorrhages; there 
is, however, no change in the suprarenals and no plural effusion. ^ 

Diagnosis . — Films arc prepared from the lesions and stained by Gram s 
method, methylene blue and by Ziehl-Neelsen’s method (to exclude acid-fast 
bacilli). Cultures are made, and pure growths from single colomcs^ are 
investigated as regards cultural characters and experimental pathogenesis. 

Similar organisms arc found in equine ulcerative l 3 rmphanptis (pseudo- 
farcy), and in pseudo-tuberculosis (caseous lymphadcmtis) of bovines 
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(Corynehacterium hovis). These organisms form a group of closely related 
types. They have frequently been classified as one species — the “Prewjsr- 
Nocard bacillus*', A similar organism (C. murisepticum) produces a septi- 
caemic disease in mice. 

Cor3niebacterium pyogenes 

An organism associated with suppurative lesions in pigs, cattle and certain 
other animals. It may occur in mastitis of cattle and sheep. 

Morphology and Staining, — Non-motile, rod-shaped organism not usually 
exceeding 2 in length. Shows great pleomorphism. Gram-positive in 
young cultures. Stained with methylene blue, diphtheroid forms may be 
seen with deeply stained bands or granules, but volutin granules are not 
usually observed in preparations stained by Neisser’s method. 

Cultural Characters, — ^Aerobe and facultative anaerobe, but some straihs 
grow better under anaerobic conditions. Optimum temperature about 37° C. 
Generally requires media containing blood or serum. The colonies on serum 
media are at first minute, but several days’ growth may attain a size of 2->3 mni. 
in diameter. They present no specially characteristic appearances. Ini 
spissated serum, egg medium and gelatin are all liquefied. This organism is 
haemolytic when growing on blood agar, and a filterable haemolytic toxin \ 
demonstrable in suitable culture medium is lethal for mice and rabbits. In 
milk, acid and clot result in three days and after a time the clot is digested. 
Glucose, lactose and, in some cases, sucrose but not mannitol are fermented. 

A variant type which lacks proteolytic action has been described. 

Pathogenesis, — In the natural infection in swine, suppurative lesions may 
occur in various parts of the body, liver abscesses and arthritis being specially 
frequent. In cattle, the organism has been found associated with a variety of 
suppurative lesions, e,g, abscesses, pyaemia, pyelitis, mastitis, endometri- 
tis. 

Rabbits can be infected experimentally ; intravenous injection of cultures 
produces a pyaemic condition with bone and joint lesions. Guinea-pigs are 
less susceptible. 

Corynehacterium renale 

This organism has been described in cystitis and in pyelonephritis of 
cattle. It resembles other Corynebacteria in general characters. It digests 
milk casein, but has no action on gelatin or coagulated serum and no haemo- 
lysin is produced. Litmus milk is rendered alkaline after two or three days’ 
incubation and a deposit is formed with a clear supernatant fluid having the 
colour of burgundy. Urea is actively converted to ammonia. Glucose is 
fermented; some strains also ferment laevulose and mannose. Injected 
intravenously in large doses into mice and rabbits, it may give rise to a fatal 
pyelonephritis within four weeks, the lesions produced being confined 
exclusively to the medulla. ^ 

Corynehacterium equi 

This organism has been reported as the causative organism of pneumonia 
in foals. It has also been isolated from a number of other animal species as 
in pyometra in cattle and from suspected tuberculous lesions in the cervical 
lymph nodes of pigs. 

It differs from other members of the diphtheroid group in its profuse 
viscid growth and the production of a red pigment; there is no haemolysis 
and no liquefaction of coagulated serum or gelatin. Carbohydrates are not 
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fermented and urea is not hydrolysed. Some workers have found it to be 
weakly acid-fast and unusually resistant to oxalic acid. 

Subcutaneous inoculation produces abscess formation in horses, pigs and 
goats, but there is no evidence of the formation of a toxin. Intraperitoneal 
inoculation into guinea-pigs gives rise to peritonitis. 


ERYSIPELOTHRIX: LISTERIA 

Erysipelothrix and Listeria, which are members of the family 
Corynebacteriaceae, have many similar biological characters and some 
workers would place them in the same species. They are common 
pathogens of both domestic and wild animals and birds and sometimes 
produce infection in man. 

Erysipelothrix rhusiopathiae 

{Ery. insidiosa) 

The causative organism of Swine Erysipelas. 

Morphology and Staining, — Slender, Gram-positive, non-motile 
rod-shaped organism 1~2 /i by 0-2-04 fx, occurring singly and in chains. 
In culture media, longer and filamentous forms are observed. True 
branching has been described, and on this account the organism was 
once classified as an Actinomycete. 

Cultural Characters, — Growth occurs on ordinary media even at 
room temperature, though the optimum is about 37° C. The organism 
shows a tendency to be micro-aerophilic when first isolated, and in 
agar-shake cultures may grow best just below the surface, but is able 
to grow under both aerobic and anaerobic conditions. In gelatin-stab 
culture a line of growth occurs along the wire track with lateral spikes 
or disks radiating from the central growth. Surface colonies on plates 
are of two types: one exceedingly minute and dewdrop-like, with a 
smooth surface; it does not exceed 0-5 mm. in diameter when growing 
on agar. The other is larger and has a granular appearance. Various 
carbohydrates are fermented (without gas production), e,g, glucose, 
lactose; sucrose and mannitol are not fermented. Different groups of 
the organism have been recognised according to their antigenic 
characters. 

Animal Pathogenicity,— rats, rabbits and pigeons are suscept- 
ible to inoculation. Mice and pigeons are specially susceptible, and 
usually die of an acute septicaemia without four or five days after 
experimental inoculation. Subcutaneous injection in rabbits produces 
a spreading inflammation and oedema wiA a fatal result. Experi- 
mental inoculation (with cultures) in swine reproduces the disease as 
it occurs naturally. The smooth-colony type of culture is the more 

pathogenic. . . 

Pathogenesis.— In pigs the bacilli can be observed in the characteristic 
diamond-shaped skin lesion, and in internal organs, e.g. lungs, spleen 
and kidney. In some cases there is a septicaemic condition and the 
organism is detectable in blood films, particularly in leucocytes. In the 
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dironic fom cS the disease, in whidi a “vemicose” endocarditis oociin, 
die bacilli may be coi^ned to the cardiac lesions. 

A similar organutn, Etysipehthrue natmeplka, is respondl^ for 
epizootic septicaemia in mice. It is doubtful whether this organism 
constitutes a separate species. 

Ery. rhusu^thiae may occur in apparently healthy pigs, and has 
been isolated from the tonsils, intestines and faeces. It has a wide 
distribution in other animals and in birds. It is also foimd, apparently 
as a commensal, on the skin and scales of many fish (particularly mem-, 
bers of the perdi family). 

Cam of human infection with this organism are known as “Ery- 
sipeloid” and have a ^tinctive clinical picture. There is very severe 
pain and swelling of a finger or part of the hand with a du^, gre ' 
discoloration of the skin of the affected area. The condition isl an 
occupational hazard for those who handle infected animals or fish; 
majority of recorded cases have been in abattoir workers, butchd 
fishmongers, laboratory workers and veterinary surgeons. Acpordi^g 
to Sneath et al. (1951) it is seldom possible to recover Erysifuloih 
rhusiopathiae from swabs, and the most satisfactory method is to obtai; 
a biopsy from the actively growing edge of the lesion and to incubate 
this for 48 hours in 1 per cent, glucose broth, subculturing on to blood 
agar. 

Laboratory Diagnosis. — For diagnostic purposes an attempt should 
be made to cultivate the organism from lesions and in acute cases from 
the blood; inoculation tests should also be carried out in mice 
pigeons. An agglutination test is applicable. 

Artificial immumsation against the disease in animals is carried out by 
the injection of killed vaccine in which the organisms are adsorbed on 
aluminium hydroxide and suspended in an oily base. The organism 
is sensitive to penicillin, which has largely replaced the use of immune 
serum for therapeutic purposes. 

Listeria monocytogenes 

This organism owes its specific name to the fact that infection by it 
in laboratory aiumals, e.g. rabbits and guinea-pigs, produces a mono- 
cytosis in the blood. /Qthough it was originally isolated from these 
animab it is responsible for disease in a wide variety of hosts, e.g. foxes, 
dogs, gerbils, guinea-pigs and recently in clunchillu imported into this 
country. In farm ankhals the disease is mainly a»encephalitis, ahhough 
die organism has been found in foetuses from cases of abortum in ca^ 
and sheep; in rodents and poultry necrotic hepatitis and inyo^dids 
are frequently seen. It is a rare cause of menii^o-enoephafitis in man 
and of granulmnatosis infandseptica in the newborn. 

Morpholt^y.~^lt occurs as a Gram-positive straight or slightly 
curved non-sporing rod, 2-3 /x by 0-5 fi (avera^), often in ]^di^ end 
to end at an acute an^. Sometimes ekmgated filaments may Ite 
observed, parttcularly in solid medium at room tm^ietature. It is 
foehfy modfo at 37" C., Init in youii^ hrt^ adtureS aet 25*^ G. it i* 
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mote actiw mi ejtlMlM.ti9 up to four foigeUa. Voung oiltutcu of tibe 
Orgaoiam aw Gram-ipositive, but after fort 3 r->d^ boun naa^ aw 
GramHoegative, while in oWer cultures they way be entirdy Gram- 
negative. 

CvUwrtd CAar4irterr.~-CuItuw8 can be obtained at 37° C. tto4er 
aerobk concUtiona on ordinary media, but growth is better on wedfo 
containing Itwnr extract, blood, serum or glucose. The cofon^ are at 
firat very small and droplet-like; after a few days’ growdi thiMr' 
attain a diameter of 2 mm., being smooth and transpswnt, thoup iMte 
drey may be mow opaque. Surface colonies cm blood aie ilir-' 
rounded by a narrow zone of complete haemolyais. GUhedn and 
Ldffler’s serum aw not liquefied. In stab cultuw, grtwdl oocuis 
evenly along the length of the stab. A scant cobuiwss growdr is 
obtained on MacConkey’s medium, while cm tellurite medium the 
colonies are small, black and glistening, surrounded by a characteristic 
zone of green colouration. In glucose, maltose and certain other common 
sugars acid is promptly produced without gas; lactose and sucrow aw 
fermented slowly, but mannitol is not acted on. 

Listeria is susceptible in vitro to penicillin, streptomycin, the tetra- 
cyclines, Chloromycetin and erythromycin, but resistant to sulphon- 
amides, bacitracin and polymyxin. 

Animal Pathogemcity, — No demonstrable exotoxin or endotoxin is 
produced. Experimentally, the organism is pathogenic for rabbits, 
mice and guinea-pigs, but not for rats and pigeons. It gives rise to 
focal lesions on the chorio-allantoic membrane of chick embryos. It 
has been suggested that for the primary isolation of Listeria from the 
brains of sheep and cattle, refri^ration of the tissues is essential b^ow 
inoculation of enriched medium. 

Human Infections.-— Csaea of meningo-encephalitis in man have 
been described, characterised by a suppurative meningitis wiA mostly 
a mononuclear or polymorphonuclear exudate in the CSF and a 
monocytosis. Thew is no confirmation of the claim that Listeria is 
causally related to infectious mononucleosis. 

An intra-uterine infection, characterised by extensive focal necrosis 
especMy of liver and spleen, known as granulomatosis infontiaeptiea 
has been described by Continental workers. It causes a hi^ mOrmity 
in the affected foetus or newborn child. 
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CHAPTER 14 

MYCOBACTERIUM 


Slender rods occurriag mostly in or small clum|>a; 
tendm (7 to clubbing and even true brandung; diffiadt to stain because 
d ymy constitumt^ but once stained resist ^bcolourisation with add 
(add-fast); non-mo^, non-capsulated, nmi-^ring; very slow growth; 
aerobic; some spedes have not been cultivated on artificial meoui. 

Patiiogenic species affect man, mammals, birds and reptiles and are 
widely distributed throughout the world. The pathogenic members of 
Mycobacterim tuberadosis which merit particular attention here am 
the human and bovine strains; the avian strain very rarely affects mm 
and more dten pigs; the murine strain affects voles and been usm 
as a prophylactic vaccine in man. Myco. I^ae is the cause of leprosw 
which today occurs mostly in tropical and sub-tropical countries: 
Myco. joknei causes a chronic enteritis in cattle and sheep. , 

Mycobacteria characteristically produce chronic granulomatous 
lesions, which, in the case of tuberculosis, break down by caseation. 
The most common lesion is pubnonary tuberculosis. Leprosy occurs 
in dther a mild tuberculoid form or the more severe leproroatous 
nodular disease; it is a very chronic infection. 


MrcOBACIERIUM TUBERCULOSIS 
Human T^rpe 

Morphology.— Skaiex, straight or slightly curved rod-shaped organ- 
isms, 2*5-3'5 /t by 0-3 /*, with rounded, pointed or sometimes expand^ 
ends. In the tissues tiiey may occur singly, or in pairs often forming 
an obtuse angle, or in small bundles of pa^el bacilli. The organism 
is non-motile and non-sporing, though it possesses considerable powers 
of resistance to drying. In old cultures, individual cells may grow into 
long filaments and show branching. 

Staina^.—Tbv tubercle badllus is more difficult to stain than otiier 
bactem. A strong dye wiA a mordant is ^uired {e.g. carbol fucfasin), 
and either prolonged staining or the application of heat. It may stain 
uniformly or show marked beading. When stained it resists decolour- 
isation with 20-25 per cent, sulphuric or nitric acid, and also wi^ 
alcohol, and is theraore described as “acid- and ^ohol-fut*’. I^e 
tubercle bacillus is Gram-positive but this character can be demon- 
strated only witii difficult. 

Ctdtural Characters.— Ambe; temperature range, 30M1* C.» 
optimum, 37°-38® C. 

not grow on ordinary media. Primaiy growths an^ he 
obtained on bhtod or serum media, or preferably m f wM»4bify i 
ing whole ^ or ^-yolk. In subrol^ growths row miiiR 'm 

ordinary nwdtt (agar, bitrth, potato) with S-6 ^ ceitfc 



til:; 

Gtowtli ii iliow~10^14 days at tha earlkgt and a$ iMa as 6^1 
sftar primary inomlatiQiii 

A most conv^cnjciit msduim fot aniiicial ciiltufc in oi:<£iiiaty lifr* *. 

the gly«»Ql-ep[g media, e.g. L«weiwteift.Jei»«li. 
to jlwcb a low ooxicaotration of an umibitoty dyo* nialaclulis i| 
addad to prevent growth of oontaxninants ; the growth is 
ptwts die foUo^ appe^ce: dry, irregular, toti^ and . 

wndded or mamilkted, at first wWte, later buff-adoui^^ 

If a fragment of inoculum is floated on the surfece of glyo^iwfi hidtiv 
growth spreads on the surface of die medium as a white wroikled pAS ’ 

Fairly rapid submer^ growth can be obtained in a fluid mediam 
designed by Dubos containing casein hydrolysate, bovine senim-^oima, 
asparagine and certain salts along with a surface-active water-soluble 
lipid commercially known m “Tween 80”, which is a pdyoxyeth^enc 
sorbitan mono-oleate. This medium can be solidified and used for 
surface growths by incorporatii^ agar. 

Bio<^emical reactions are not ordinarily used in the identificadon 
or classification of tubercle bacilli. Ant^enic anal 3 rsis has shown 
there are four main serological groups— mammalian (human, bovine 
and murine), avian, reptilian and saprophytic. 

ViabUity.— The thermal death-point is 60“ C. for 15-20 mins. 
While many individual bacilli die when desiccated, a proportion survive 
for several we^ or mondu, if protected from dayligfit. The organism 
is relatively resistant to injurious chemical substances; it can survive 
in putrefying material, and in sputum may resist 5 per cait. phenol for 
several hours. It is highly susceptible to sunlight and ultra-violet 
radiation, and ordinary dayfig^, even through glass, has a ledutl effect 
Myco. iubercuittm is sensitive to streptomycin, viomycin and cycloserine 
among the antibiotics and to para-amino-salicylic add (PAS), iso- 
nicotinic sdd hydrazide (INAH or isoniazid), ihiosemicathosone, 
methionamide and pyrazinamide among chemotheriqpeutic agents. 

Animal Pathogenkity . — ^The pinea-pig is hig^y suscef>tible to ex- 
perimoital infectioa. If injected subcutaneously the badlli either 
in padiological material or in culture, after a fow days a local swelling 
results conusting of tuberde nodules, which become confluent, undergo 
caseatum raid may finally ulcerate. T^ neig^foourin^ lymph gbmda 
become involvied by aptead of the bacilli along lymphatic dtsuuu^ and, 
later, lymph glands in other ppts of the body are affacted. The anioud 
begins to lose weight and dies in six wedcs to three namiha. Ataiiito|My, 
a gotieralbOd tuberculoala is noted; fymph glands diow duumstenam 
tuberculons tenons; the spleen is eniarg^ and contains gpnqriah-whito 
tuberculous nodules or larger caseous teakms; foe liver pteaente « , 
similar oondhaon. The lungs and the kidneya, however, tnt^ ahon 
relatiwly j#<oifttMi ar he pmaically free few tobwteolotta noiillen 

If foe «**i«*rf it MM four or five wefoa after iotedioa, toconfoi^. 
tuberculcMM aodtftes may be piemft aafy in flte if^leefo and on Ite; 
peritemeum. atwaya be made ftom one or aftofo of 1M 

lesions and MM by ISfot^jbletoMn's mefood to deiwtoitiMfo^ W . 

Cofttintofltonldah^ 



MBmcMi meBi0»iOt!OQr 

l3onia«d-seaBitive tsriMsrcle badlU ktm &uiMm |wtiien<i la tine 
Madras area have been shown to be on Kveeage less virafeot iot 
guinea-pig than strains frm British |Mtsents: &e less viruleitt attmins 
have a greater sensitivity to hydrogen peioaElde (see Mitchison «t aL 
1960, 1963). 

Mice are much less susceptible to experimental tuberculosis than 
are guinea-pi^ but after intraperitoneal or intravenous (or ttttcaoerd}r8l) 
inoculation th^ develop ort^emive or chrome ksions according to 
the dose and virulence of me stiain. 

The human type of tubercle ba^us, apart from its occurrence in 
human disease, has been found also in natural tuberculosis of monkcjrs, 
catde, pigs and dogs. 


Bovine Type 

Morphology and Staining reactions are practically identical wijb 
those of the human type. ' 

Cultural Charactm. — ha compared with the human type, growth 
is less luxuriant, and the bovine Qrpe is described as “dyagonic” (the 
human type being referred to as “eugonic”), On egg mediim it forms 
a thin, white, smooth, slightly moist, granular and easily broken-up 
growth. The difference between the human and bovine typta is 
accentuated by using a glycerol-egg medium. Glycerol favours the 
growth of the human type, but has no such effect on the bovine variety. 

Animal Pathogenicity . — ^The bovine type is more virulent to cattle 
and other domestic animals than the human type. In the ox it produces 
a fatal tuberculosis, whereas the human type causes only a localised 
lesion which heals spontaneously. 

The difference between the two types can be elicited by injecting a 
rabbit intraoenomty with an emulsion in saline of O-Ol-O* 1 mg. (dry wt.) tff 
a culture on solid medium. The bovine type produces an acute genem- 
ised tuberculosis, and the animals usually me within three to six weeks; 
in the case of the human type the animals survive, or die only after 
several months, with lemns confined usually to the lungs and kidncyB. 

The differentiation may also be made by injecting 10 mg. of culture 
stdtaOancmsfy in the rabbit; the bovine type leads to a genetid tuber- 
culosis, whi^ is fatal usually within ten weeks, whereas the human 
type produces only a local lesion. 

It is to be not^ that strains whidk deviate in didr duuacteia item 
the standard human and bovine types may be met widi. Than, atsains 
isohted from lupus are frequently of attenuated vmUeace for laboratoiry 
animals. 

The bovine type of tubercle bacillus, in addition to its asaochttioP 
widi tuberoilous of cattle, is the conunonest variety found in tuber- 
oolosis of n^ other domesticated animals (a.g. pigp, twreaes, oiUi and 
dogs), but infectioa of domesticated 
may also occur. 

I'afiioicMMis.r--11w most common form of prbnneyi^^ 
me tuberde bacillus is a pulmonary lesion, known ai fhe pidmaiyoite'' 
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plex Of Glum jbciu< *1^ otipatinni are ia vew —"yW 
(iifM m0i» 5 in dtaiii^) into the terminal 
ana w piittwty wsmu may occur in any part of tike hittiw i- Ftoni k. ’ 
li« by lymphatic 

gtiiiai g^aum in ifmicli there may be proimasaive tewl 

inyohneme^ followed by caseation and ktcr cakifica^ Mltma|Mlk4 

eialiaed mfectum may follow spread of the orgu^ ^Aet m itm 
blood'^tream or the bronchi, remlting respectiatik in jSli^aiy'' 
brondtopneumonic tuberculosis, usually with ksiona in odu# oifkld^ 
besides lungs, e.g. brain and menmges (tuberculous 
spteen, Uver. Primary infection may also occur via the wiih 

involvement of the mesenteric glands or via the tonsila widi secondary 
cervical adenitis, usually from ingestion of infected millr These forms 
of tuberculosis have become much rarer now that moat milk supplies are 
pasteurised and bovine tuberculosis is virtually eradicated for Britain. 
From studies during the Second World War about a quarter nf die cases 
of cervical adenitis in children under ten years of age were at timit 
caused by the human type and about three-quarters of die cases of 
menii^^ed and bone and joint tuberculosis were also due to the human 
type. Primary infection of the skin (lupus vulgaris) is now a rare 
condition; infection via skin lesions sometimes occurs from handling 
infected materials (laboratory workers and veterinarians) while intra- 
cutaneous BCG vaccination may produce a form of primary complex 
with local akin lesion and an associated adenitis. 


While tuberculous menin^tis occurs characteristically as a com- 
plication of the primary lung infection in very young duldren, it may 
also develop, e.g. in ol^r chlldten and youi^ adults, as an apparent^ 
primary infection. In such cases, as in many instances of renal and 
bone and joint tuberculosis, there has presumabfy been an earfy 
“seeding” of tubercle bacilli, blood-borne from the primary lesion in 
the lung or elsewhere, whn^ has lain latent until some factor has 
encouraged fresh activity. Sometimes, too, an active lesimi in one 4rea 
may help to reactivate a latent infection in another organ or tissue. 


The post-primary (or adult) form m pulmonary mfection is die most 
common form oS dini^ tuber^osis in whidi one dr more hing lesiteia 
progress to caseation and cavitation and, involving the brond^ tcee* 
create a case of open tuberculosis. This dinical fesum occurs duu^ 
acteristkaUy in young adults and is often due to a fresh meogenow 
infection; in oh^ people pdlmotuuy tuberculo^ is tisote Ikety to bn 
a reaedvadon ni an earlier healed primary or secondary kdoik. TdbdS- 
culous ukcratknis ill the biyirn arid inteadite when diey ocetor are 
sequdae of puhnonaty tidkeiculosia ^tesd by infeeted sfMdSftd; 
similariy aecondaty u^eodons of ureter, bladder, ^ididyoofe ntay 
renal tidiairciiloais. 

* T\ib*!renlnM« haS t WtMdd^Widt dlMritiSKlhM'li^ 
today pmbahlf tahea (Mteoedenoe over anferia as 
sidkal oofuifibiiiiar to death and diaalMl^ aoMng die epedde h|iedMll< 
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ia Britain have been reduced by over SO pdr cent, during the 
1950-60. The decreaee has been most marked in diildren and young 
a^Its as iUttstrat^ by the Scottish data for 1950 and 1960 H(Fig. 15). 
Morbidity rates, lu indicated by aoriScations, are aJao riumktg a declkie 
but lagging behind rite dramatic fall in nunt^ty. When intenrive cbm 
finding is carried out, as in the Scottish mass cadiogrsq[>hy survey in 
1957-58, no^cations will show a tempor^ increase (Fig. 16). A 
rueful indicator of the amount of infection in a (xnnmunhy is. given by 
the incidence of tuberculin positive reactors in a particular group. 
In Scotland the proportion of positive reactors in children aged 13-14 
years has fallen from 48 per cent, in 1953 to 19 per cent, in 1962 
(MacGregor, 1962). 


RCtWATOKY TUKRCULOSn 
DEATH RATES PER lODpOO— SCOTCAHD l«0 AND l*»0 



AOE ACE 

FlO. 15 

With the control of bovine tuberculmia which in earlier years 
accounted for 5-10 per cent, of all deaths frmn tuberculosis and about 
a quarter of the cases of childhood tuberculosis, infecrimt ia nowaday 
pr^ominanriy due to the human ^q>e oS Myco, tubercukms and is 
^read mostly from open cases of pulmmuuy tuberculosb. The orgu- 
ism is expectorated in sputum and expelled in droplets during coi^|iing 
and ^leaidng and there have been inatancea of mqiloai'w outhrem w 
tuberculosis in school children and others expo^ to an infective 
teadher or ringer. But since very small drop^ that cm be mhekd 
directly from &e infective patient are leas likdy to carry tobenfie lucaiU 
than larger drt^leta or sputum, infection mt^ ooour more ’ofitai fo* 
directly from dried dust particles than directly freun moiet drqtktl ct 
droplet nuriri. Tuberde badlU survive sioiv diying for days or 
M pietec^ from rito bactericidal day^lijdri w siinUgiht so that 
«f infecriott from infected case to auscqttfok omririgs I eojatainfoifod 




tffSBRC'tJLOSIS '' '■"■'■I#'', 

^iv>ot^ be facilitated in overcrowded, badly lit foeaaa ^ 
Prinkiyiiifecdoniitty occur at any age; if it ocean bieufy 
life {0^ yntfe) k ia often associated with signs or symptoms of diseaaet 
S^i'^lldBar feberCulosis or the num serious systemic infecti^. Atadhodl 
(5>^15 yeaht) infection usually occurs in an inapparent fe^ but in 
addesooits and young adults is again more likely to femk ha siiniiigil 
(fisease. ' w* i 

Infection o(xurs earlier and is more likely to result in dimcal dwas iiB 
amoa^ susceptibks living in close contact wirii open cases, baS4igalaiy 
personal and «ivironmental fectors may contribute to overt tuber- 
culosis, e.g. age, malnutrition, other respiratory disease, honnonal 
dysfunction, pregnancy, stress, genetic constitution, etc. 

NOTIFICATIONS OF RESPIRATORV TUBeSOiljOSIB 


ISO ISO 



I9SO-5I -$2-S3-$4-SS-S6-$7-SS->S» IMO 

Fra IS 

' Woricers exposed to the inhalation of dusts, containing atlica have 
a hi gh incidence rif tuberculosis. Nurses, medical studeuta, doctors 
and woricets in pathological laboratories are more mtposed and teod to 
have a lu{^^ Aati average rate of infection. 


Tho Tabercutlin Toot 

KoOh made dw ordinal observation drat vdmi a live Or a 
culture of tuberde badm waa injected subcutaiMsoi^ mfe a|5uS(ittiM|w 
mfected Home 'weela wrtite wkh tube^ b«^ 

i*. . 'a . ... - 




260 MBDlCAt XIOIt^tQLOGY 

fhemmaum, <ui<i Koidi weat <m to thovr tiiat same pj^imofocnion 
could be elicited with an extn»t contaa^ die specific {Mtotda vi the 
tubercle bacilli, which he called ttdtaratim. The tuhenn^ iceoticHi ia 
due to the devek^ment of tiawe hypeiamaitivity— or bacterial allei^ 
-~and » used in nun and aninutla to find if they have or have hii 
tuberculosia in an active or latent form. 

Tuberculin was originally cfotained from a aix-week-old culture 
in glycerol-brodi, evaporated to one-tenth of ita vtdume, atetiliaed 
heat and filtered (Old Tuberculiit — OT). Various other methods 
have since been employed in its preparatitm. The specific tuberoulo-> 
protein can now be separated from ofoer constituaits and products of 
culture in a synthetic medium and then purified. This Purified Prot^ 
Derivative (PPD) is preferable to Old Tuberculin as it is constant un 
composition and potency, and there is an absence of non-specific 
substances. It is issued in the dry state, from which it is easy to prepa^ 
dilutions by the addition of a borate buffer solvent. ' 

It should be noted that tuberculins prepared from the human anijl 
bovine types of tubercle bacillus are indistinguishable by the usually 
accepted methods of standardisation as they contain the same specific 
substance. 

Tuberculins are standardised under TSA Regulations in sudb a 
way that a dilution of 1:10,000 of OT is equivalent to 1 tuberculin 
unit (TU), while 0*000028 mg. of PPD e^uds 1 unit. A common 
practice in using tuberculin is to test first with 3 or 5 TU and if the 
individual gives no reacti(m to re-test with a dose of 100 TU 

Tuberculin tests in man are carried out on the skin by different 
tedmiques; those most commonly used in Britain are the Mantoux, 
Heaf and jelly tests. The Mantoux test consists in the intradermal 
injection of 0*1 ml. of the appropriate dilution of tuberculin; the test is 
positive when there is an area of mduration measuring 5 mm. in 
diameter two to three da}r8 after the injection. With the Heaf test, a 
multiple puncture spring release gun is used to prick the previous^ 
^plied tuberculin into the skin; a positive reaction may range from 
^ discrete papules to solid induration. These two tests are usually 
done on the forearm. In the jelly test, a tuberculin jelfo is applied in 
the form of a “V” in the intrascapular area ci die batx and covered 
with plaster; widi it, but not with the other two tests, a contrd test 

IS IlSfda 

In a recrat comparison (Repmt, 1958) of these three and the Von 
Pirquet scarificatiim test, in whi^ such foctm » sdlsitmQr, repiodi^ 
bili^, ease of performance and conristency wece cmofiaf^ Oidy the 
Mantoux and Heaf tests were shown to be reli^le and acceptrilile for 
large-scale epidemiological investmdons: in general, die Heaf was 
pfi^stred to the Mantoux test. TTie tubeto^ test may be twed: 
M i^ldemiok^icalfy to determine the mcideawe tuhc«Hn«oiifl iiffo- 
tfonm a community, fo a latge-simfo Medical ReseatohCounattl^^ 
m Ei^giand and Walea in 1949-50 to cover dtc agftipeffod jWSft |ep*» 
was a steadily mcreasmg pniMMtiott C|f iMni^ leaiBtototfown 

aiXKind 15 per cent in the S-yeat-olds to 33 per eetit; fo dm 



gad 70 pw ctott. ia iIkmb a^gd 20 yean. Abumuk Vouiaf dboddiaBL llNa 
^ «*»»"«» (eapedl^ 

bwiw taberaifciiia) a»dj^ Uglief in induattnl uilMHiliMtt«ln OMif 
anoMtnm imm. aress* Titet^ is evideneib of a i^sdiicttic^ iH ' i fl ii f 
ificiileiic^ of posi^hre rosotors in recent years: (^V !» yani mg 

chihtoea with suspected clinical infection. A^dse 
young child may also be useful for case-fmdi^ammMMSall^^ 
conta^; (c) in unmunisation campaigns in oi^ksMto 
positive and native reactors and to assess the respoouMt in 
by sample testing afterwards. 

Tf^ ^ Cafffe. — ^The tuberculin reactions have been 
utuised in the recognition of tuberculosis in cattle^ and are of great impoftanoe 
in ^ting TOWS. Thus, in England iubereulat^tesUd nM, and in Seot- 
land cerUfied imlk and iiAereulm-teaed mOk, must be obtained from 
tested animals wWch give no reaction. Until recei^y the mat in estde has 
usually been carried out in this country by the double iatcademul tiu rt h o d, but 
today tte singk iniradermd eon^athe ua is preferred, PPD tiitwww iMtf 

are u^.do8M of 0-1 ml. being injected intiadeimaUy in the nedk. Twosttee 

are chosen, the upper out for the avian tuberculin and the lower site (5 in. 
below) for the mamm a lian tuberculin: the skin thickness in the area is 
measured. The test is read at the seventy-second hour, the thifJnywa 
being ^|ain measured and the reaction examined for evidence of 
Any swelling showing oedema or an increase of 4 nun. or more in ddin thick- 
ness should be regarded as positive. The interpretation of this test depends 
on the presence or absence in Ae herd of non-specific infections mudi as 
Johne's disw is e or so-called skin tuberculosis that may senritue tiie 
to tuberculin.^ In cases where tibe comparison between the reactions to the 
two tuberculins proves inconclusive, the animals concerned be 

iscdated and re-tested not eaiher than thirty days following oomirfetion of 
the herd test 

By the systematic ure of the tuberculin test for the detection of infection 
in cattle and ^ eUmination of positive reactors, bovine tubemiloab bu 
hem viitoally eradicated from Britain since 1962. 


Laboratoty Diagnosis 

Tubert^ badllt are most numerous in lesions showing n^nd case- 
ation, s.f . sdidt-type pubnanary tubemiloris. In miliary ndtornadhtsis 
nfpiaa; to be rdativdiy scan^r. In chronic dosed kmsns few 
tubom iinciili are obaerved, and they may not be dotoenfels msfitw* 
Stt^pkalfy tbou|^ dreiUHtttrable by animal inoculation, $4, ta tfee pm 
from a tabereuhNis dssoeas. 


Dfeeet JMhirioiniipfe £hMiMa^aR.---%mtain: a fihn is prepfoMi feotd 
a punikntjportieo of die imtoffl and atimsd by .tbs 2Sreib'li|MdBbl 
method, llio use of tire 4^ od immexmon ohjedsim fe 

reconunaoiled. tlmodfednqipedontito^at aM0itidi||itwdf 
oii-botlfe tdipoid ifemr toticfe fim fiha» odwiwim ai^ 
he t waafi s re a d 'W the ofl taattaiaef . Afeaf cAch c aWBfe iti tit i h ifeb feiil 
oftitocAidMliwdbat^ IWbadlllAfejp^di^ 

maUy 



MB£>ICAL MICROBIOIOGT 

WKeft, H (No. '<€), iA fioiit of aliii^Htoaa^ SOvniktMat. 

llietMKM and ddbiiAi^ppearbki^, while if ^ooiimt^^ 
gmn die background <d cdb now almost disappeais, imdeniig* din bidSi 
more eastfy recognised. In case of doubt me screen can be removed, 
md die organisms veriBed with the (dijecdve. A prolonged 
eitanunation may be necessary in some cases where the badlli are 
relatively scanty; a negative result by no means excludes tuberculosiB, 
since some 50,000 tubercle badlli must be present in 1*0 nd. sputum 
for a positive microscqiic finding. 

Fbtortscmce Microscopy, after staining widi auramine, may be 
substituted for ordinary microscopy with Ziehl-Neelsen stained films. 

In suspected cases of pulmonary tuberculosis with no obvious 
^utum, stomach ointents obtained by gastric lavage should be ex- 
amined, or coi^hing may be induced by passing a swab on to the 
posterior pharynx, the expectoration on it being thoa used to prepare 
a film for microscopic examination. 

Urine, pleural and pa-itoneal fluids are centrifuged, films are made 
from the deposit and stained by the Ziehl-Neelsen method. As tuberde 
bacilli are onen scantily present in these fluids, the deposit from 50-100 
ml. should be used for both direct microscopic examination and for 
culture; or the cultural method recommended by Ives and McCtmnick 
(1956) may be used, i.e. 100 ml. of pleural fluid is added directly to 100 
ml. of double strength Sula liquid medium. 

With all urinary specimens it is essential to treat the film with 
alcohol (two minutes) after decolourisation with acid in the Qehl-Neelsen 
process, in order to exdude smegma bacilli. In examining urine it is 
advisable to obtain the sediment from a 24 hours’ specimen because of 
intermittency of excretions. Alternatively three consecutive momii^ 
specimens may be examined. 

Cerebto-spinal fluid is allowed to stand in a stoppered tube for an 
hour or longer, when a “spider-web” coagulum usually forms in the 
fluid. The clot is carefully transferred to a slide, the preparation is 
dried, fixed by heat and stained by the Ziehl-Neelsen method. In the 
absence of clotting the fluid is centrifuged and the depodt examined 
in the usual way. 

In suspected cases of intestinal tuberculosis, Z-N stained films of 
ftieCes miy be examined either directly or af^ concmtiatitm witit 
4 cent, caustic soda (see below) but a positive finding is not neoes<* 
siuily diagnostic since saprophytic acid-fast badlli may be present. 

ha the case of tissues, sections are stained by Cm Zidil-Nedaen 
nsethod. 

Ctdthatim of the TtAercle BacUbu from PaBmhgietd 
the tdberdb bac^ are likely to be present in pure cahufe in fhe 
nSHMerhd, two acrew-^ped bottles contdning slopes of egg taeifawtt 
can be umcdated directly. If othor organisms am pmaestt:, hi 
t^pnttiui or urine, one of the procedures desctSied below muit be Wfrk 
in order to destroy the oontaminatiiq; bacteria and hOiiMgesiise thb 
ifMdnien; In thk case tiie ooxtnft^ tubes, wptdr other fluid wfid 
liriiMAfof flw sediment efo.,mmn bested 



niAoiNoafs OP TOBsscoboaxs ll^ 

M ^ takm in tbe hMdJ^ 

^ dating aaampidBtiom the u®e 0 ^ 

u iMGOittiiBeaded. ^ 

(n) Ptixoff’a sMtliod (modified).— Sputum is mixod abonouiittp' sritil 
an v^me of 4 pet cent caustic ieda and placed 
$t 37 C* for thifty minutes, the container betmt efiwir 

miniites. The mimre is centrifuged at 3000 i54n.^3S^^ 
and the mpenudant fluid |>oured off. Tha diyJt if 
8 per cent, hydrochbric acid, which is added drop by drop, tht 
oi the mixture being tested by adding a drop of ph^l rod 
the tube. The deposit is examii^d mirooscJpically^iTdS 
inocuktwi on Ldwenstein-Jensen medium.’ Solidified Xhdms 
or some modificatira of it can also be used. Numerous othro' Iwjuidt 
semi-solid and solid media for the primary cultivation of Pdietrile 
bacilli have been described; it is advisable to use a medium udiidi 
experience has proved to give constantly good rosults with a tnin.ifWMf?H 
of contaminations. 

(b) Nassau’s modification of Jungmann and Gruschka’s 
Prepare die following solutions: 

SobttioH A. 

Ferrous sulphate . . . . 20 gm. 

Sulphuric acid 20 per cent. (vol. per cent.) . . 100 nd. 

Solution B. 

Hydrogen peroxide . . . 3 per cent w/v (10 vols.) 

Solution A can be made up in bulk and keeps indefiiutely. Scdudeai 
B must be made up fresh on each occasion from a standard phamia* 
copoeal 6 p^ cent w/v solution kept in the dark. For i»e place 2 ml. 
of sputum in a univer^ container. Add 1*2 ml. solution A a^ 1*2 ml. 
soludon B. Shidie the container for th^ seconds and i^ow to stand 
on the bendi for twenty minutes, shaking at intervals. Centrifoge at 
3000 r.p.m. for thir^ minutes and discard the supernatant fluid. Fill 
the container to die shoulder with 5 per cent, sterile sodium dtrate, 
shake vigorously, and again centrifuge. Decant the supemaumt ihiid 
and inoi^te the deposit mi two slopes (ff Lowens^n-Jmisen medium. 

Alternate reagents used for the “pre-treatment” of i^fom mr odier 
contanunated spedmens fo be cultured for tubercle hadlU iatfleile • 
saturated solution of trisodium phosphate (12-24 hours), 
ammonium compounds and mucolytic enzymes or a mmdwaadffii m 
the latter two substances (Saxholm, 1958) 

In exaininh^ primaxy cukuros derived frmn ipitutn, ui^ 
wadUi^ etc. the poisibflhy must be borne in mind el 
actd-£i^ bacilli (mit being pieseoh Since thciS 
rometunca powd» not unltlro that db« 
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k'ttiy Mtft fattiuBt tests inchidu^ snfani pediegeiik^ 
be ouTted out (see sbo Ason^naiMi IMbwobUttiiit, ft. 207). 

JUfjb'O'Cytxre.-'MethocU hsve been dbrised lor cukmutii^t^^ 
iMtciu dhectiy firm Saturn bf sroeubw the spec^ 

Sli^ mktoscopk slides di^ded hB^|itudiiu% k two, tnatii^ 
tbfm with some sgost to de^y orgsnams other dm tuberde bicilb, 
i.g. 6 per cent skphuric acid for twenty miinitR, and then wasbii^ 
dwtoi^l^ wifo sterik distilfed water, and fmaOy placing the dides k a 
sohabie fluid medkm, e.g. citrated human blood lysed k an equal 
volume of 1 por cent saponk (Pryce, 1041). After kcubatioa for about 
a wedt tte slides are stained by the Ziehl'Nedsen method and youi^ 
colonies oS the tubercle bacillus can be seen by microscopic examination 
first with dm tow-power and then the oil'immeruon lens. Hiismedioa 
hu s^ been used k testing resistance to chemotherapeutic drugs. 1 
Gmnea-pig Inoculation.— In laboratory dii^ons, where tubeidel 
badlli cannot be detected k specimens by microscq>ic examkatkn,l 
gukea-pig koculation in addition to direct culdvatkn may be used, < 
as one or other (or both) of these procedures often yields posdve results 
when microscopic examination is n^^adve. With most materials, 
oilture gives at least as hi^ a proportion of positive results as gukea-p% 
koculation and has the advantages diat a positive findkg can be re- 
p(»ted earlier and the culture is immediately available for sensitivity 
tests. In suspected renal tuberculosis, on the other hand, gukea-pig 
koculation of microscopically negative urinary deposits seems to be 
more often positive than culture. 

The usual method of carrykg out the gukea-pig koculatum test is 
to kject material subcutaneously k the fl^ or ktramuscularly k dm 
th^ <d two gukea-pigs, one of which is killed at four weeb and the 
other at ei|ht weeks. Ihe result of the guinea-pi^ test can sometimes 
be expedi^ by ktradermal koculation, 04 ml. ^ dm material being 
kjectedkto the shaved abdominal akk. If dm specimen is tuberculous, 
a nodule appears k seven to twenty-mm days; t^ is incised, and films 
the lesion are examined for tubercle bacilli. 

Laryngeal Swab; Gastric Lavage 

Where ^utum is absent or, if presoit, m beii^ swallowed, material 
for culture may be obtaked ei^ by the laryngeal swab or by stonuMk 
Wash-out. 

11m laiyngeal swab consists of a piece of nickd or^'Ntchr(»ne’* wire 
9k. hmg uid ^ k. k diameter, bent at an angle (rf 120” an inch and a 
half from the Old. 0)tton-wooliswiiq){mdrtwuidduseBd(ddmwki^ 
witidh has been flattened and qmally twisted to hold the 
fitti%. 1^awabisplacedkab(H^4dbe(7xl in), tbetfeaeid 
efuAachnphi^gedwidicottoa-wool '^tidma with swabs 
ifie fSBtihmd k the autodave. Immedistd^ bwfofe m the fwib is 
snkaiiaMdwithateritedi^ill^ i 

The s««b nny be passed kto dm larynx diilwr whh 
nlatyntad aumr, ot bIktOy. Forboatnathodititopadetltkk^ 
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ttul BBfptkMl vMx * piece cf gauze wttii vMik to hold yt-tiniCB 
pcotnzdbd. 11aeopienaor,ifui^ai»urror,sitacppci^llie|>i^^ 

Ffith tite aid of ii>e Bparitw guidcB tile tip of Ae ziw cwcf 
iisto die bumix. \V^iiouteimRortiwopenuoratsodactijiifraiaaclte 
pttiaat ma paaaea the swih duough the mouth bodbnrda fhd dows^ 
Fraidaatridly in die nud-Hne; the manoeuvre ia fiMiiitated by «diia#t^ 
padent to panting breaths. Refine ooug^ usaally 
swab enters the kryme, and absence of cough augnsM diat tif IfM 
W not entoed the larynx. Two consecutive svnm shodhi bblM|iid 
from each patient. ' 

In the labontoty sufficient 10 per cent. H^SOi (v/v) is iriMkd to the 
boiling'tube to cover the cotom-wool on the swab. Aftor xwe mhuiles 
in ^e swab is removed, excess of fluid is expressed on the nde <d 
die tube, and the swab is transferred for a furtoer five mmutes to a 
second boiling-tube containing a sio^ar amount of 2 per ceto. NiK!)H. 
The awab ia again drained of excess fluid and is rubbed over the sutlace 
of a slope of LOwenstein-Jensen medium. The ino cu lated medhim 
is incubated at 37® C. for six to eight weeks and examined at weekfy 


intervals. 

An alternative procedure is to immerse die swab in a saturated 
soludrm of trtsodium phosphate and incubate at 37® C. ovemig^ "nw 
swab is then removed and ^ fluid centrifuged at 3000 r.p.m. for 20 mins. 
The supernatant is decanted and the deposit is inoculated on to tsm 
LOwenstein-Jensen slopes. 

It » inadvisable to leave a long delay between die cMleotuiia « the 
swabs and inoculatkm on to culture medium. ^ 

Fasting stonoadi contents may be aspirated with a Ryk tube m t» 
qi n rwing after a period of coughing and swallowii^'. The matorw 
should be despatched to the kboratory as quickly as possfok, « rf 
there is likely to be a long deky, the contents should be neutrtou^ 
with caustic so^. The d^wsit k homogaused by either the g>om^ 
Petroff or the modffied Jungmaim method (wife is^u) and 
m two slopes of LOwenstein-Jensen medium. Pstiwito prs^ d» 
kryngeal swab to gaatric kvi^e, which, ^ever, give to 1^ to 
high a proportkm of positive results. Kcithcr of diese methods w01 
give to good results as scanty ejcpectorat^. ^ 

51tooftspy»“*-ScroloBkJ8l tests for specific antibodies folbuwing towto* 
culous fofecdoii haw not proved of much dkgn^ v aHm. T ito 
compkmeftt-Attoion test becomes positive in a 1^ p ropo^__cf 
estsSished cases but is uwially ntostive m «a# 

Middkbrook told Dubos (1948) de^bed * 
which depends on die agglutm^ 

or 0 huratoi zed Wo^ 

bsdllL The tod «as Sto totoitttod 

tuberde to wih ccantoetoal OM ‘lyitoc^ » 




IMi MEDlCAt MlCtOEIOtOOY 

Hm tost bas i«oeived a go^ do^ of aiudy aiwl dlnical tml, bnit ita 

piacEkal value in tJie of oUnicd tid>enajknia h dmd^ 

vi its fade of both >|iecifidi^ wad eeoahivity (Hilaoa and £}ek, 1951). 

Cheiiiot]ienin^.«--Alilhough the tubetde badlhia is aenutive to an 
innttaaing nmge of antmucrobid dn^ clinical experience has shown 
. daat the most effective and least toxic cheniatherq>eutic substances in 
tuberculosis are streptomycin, {^-amino-salicylic acid (PAS) and 
isonicotinic acid hydmzide (Isoniaaid). Because resistant variants of 
^ tubercle bacillus may apfiear within two to three months after 
commencing treatment with any one of these drugs, it is essential that 
(d) a combination of two — or three — antimicrobial drugs be used from 
the onset of treatment in cases of tuberculosis in order to minimise this 
risk and (b) every effort must be made to culture and test the sensitivity/ 
of infecting strains as early as possible, since reustant mutants in al 
strain that is already resistant to one of a pair of drugs being used will \ 
soon emerge to the other Strains that are hi^y resistant to Isoniarid ' 
usually show a decrease in virulence for the gumea-p^; but not neces- 
sarily for man (see Mitchison, 1963). 

Prophylaxis. — Killed vaccines of the tubercle bacillus give little or 
no protection against tuberculosis. In 1921, two French workers, 
Calmette and Gufrin, introduced a living vaccine pre{>ared from a 
bovine strain that had been cultured for many years on a bile-potato 
medium. This Bacille Calmette Gu6rin (BCG) vaccine was at first 
given orally, but following Scandinavian practice is now given mostly 
by intradermal injection. Its value in the prophylaxis of tuberculosis 
Im been much disputed, but in recent years controlled trials in different 
countries and with different communities and age-groups have demon- 
strated conclusively that BCG vaccination may give protection of the 
order of 80 per cent, against clinical infection. Thus, in large-scale 
trials among school-leavers (14 years of age) in industrial areas in 
England, the incidence of clinical disease was reduced by approximately 
80 {>er cent in the vacciiuited grou|>s during a follow-up j>eriod of eight 
to ten years (Re{)ort, 1963). In a study among North American Indians 
(0-20 years old) a similar degree of protection persisted for some ten 
years after vaccination (Aronson et al., 1958). 

Fresh liquid vaccine deteriorates on storage and it is recommended 
that it be u^ within fourteen days of preparation. It loses viability 
quickly in warm atm^heres (30° C.) or if exposed to light: thu 
reduces its usefulness in tro{)icai and sub-tropical countries. Anotiker 
disadvantage is tiutt tests for safety and {Krtency cannot be ctuiqdetBd 
b^ore the liquid vaccine is rekiised for use. To overcome these 
dfficulties, h^e-dtied vaccines have been developed and cli n ical 
trialB with a British freeze-dried vaccine reconstituted immediatd|y 
Mote use have shown titat it is oomjpatrikle in poten^ with the Daniih 
Hipiid 'inccine. Laboratory estimates of i>oteiiiy dqpend on the diieat 
fdatiooBh^ that has been demonstrated b e t w^ protection and thb 
degree of post-vaccinatioo tubercuhn senaitivity in the giihie»<fi|. 

detifl* about dnig-iotaitivby teat* tor tulHwda bsefiMi m Ia 



AMONYMOV4S MYCOSACT8K1A 

Tim 4c«nte of foqwiod w de^po<j hf ^ T6«i«pd#e 

SubttMiCM Aa (TSA) Regwhitiom, For tfao fireow-*i«4 V*ooi«fe 
the toberculm sensitivity produced in children is tested for «s<h tudch 
St the BCXjr Control Centre in the Oxford Region. 

The dose of BCG vtuxine is a single intracutaneous injec^ofi 
of 0*1 ml contaii^ (WS to 0*1 mg, nwSrt weight «rf the eonsthuent 
baciOi (= 1--2 nulUon viable organisms). A small inflaihinitoty hashn 
devdops at the site of inoculation and usually goes on to sufStaieM UlMr 
don ^er some wedts. Adenitis of the regional lytnphiK^es nulf fbpit 
in infants (rarely in older children). OocasionaUv an erytandnui lemnn 
(lupus) may occur, particularly if vacdnation has been dot|e Ity 
puncture. Except in the case <rf babies 0-3 montiw old, dS childrea 
must first be tuberculin tested and only the negative reactors given vaccine. 

Oral vaccination with repeated large doses is practised in some 
countries, but time have been very few properly enntroHfirf trials to 
substantiate claims for the protective value of tiie oral vacdne. 

Mycnbacteria of Ulcerative Lesions in the Human Sdb}eot— 
Ulcerative lesions of the skin have been reported in Austral^ and 
Sweden from which mycobacteria, clearly distingui^ble ^m the 
tubercle bacillus, have been isolated. The Australian straina, Myco. 
ukerans, were found to be pathogenic to mice and rats but not guinea- 
pigs. In culture the optimum temperature was 33° C. (MacCuUum 
et ad., 1948). The infections descried in Sweden were derived from 
swimming pools, and the strains of mycobacteria isolated, Myco. habui, 
were highly pathogenic to mice; in guinea-pigs they were ody slightiy 
pathogenic; in rabbits inoculation of the skin produced ulcers simim 
to the human lesions. The Swedish strains grew at 31° C. but not 
at 37° C. (Linell and Norden, 1954). 

Anonymous Mycobacteria 

Add-fast bacilli 'which cannot be identified as either human cw 
bovine tubercle bacilli and which may be associated with human disease 
have attracted considerable attmtion in recent years and have been 
given the name cmonymma or aty^al mycobactma. 

These mycobacteria are divisible into a numlm of grcmps according 
to their morphology, colonial texture, production of pigment in tin; 
presence lig^t (photochromogois) or in the dark (scotodiromc^^), 
rapidity of growth and growth at different temperatures (25° 
philes; 37°««me80phile8; 42°B:thermophiles}, productiim of caty l a a c t 
resistance to certain anti-hibmculoas drug^ «.g. thkiaeinUnrbamiH^ 
Isoniadd and FAS, and the Niacin test (Chlani 4r SeUcon, 1958), 0| 
the bads such tests, Msrhs #nd Richards (i9l^) have e xpiaded- tips* 
origind four groups of Rupyon to seven provisk^ g^wqps 
group I (the ifootodhromogens) are most eoforaoni^ ass s fli s tod Wnw 
respirstwy gin!nto 11 (the scotodnomogdn) ere fouid fo Pdfo 
abscesses osc are diniQi^ iasjgnifoaid, ^roup 1^ ^ ve^ dwfc fo 
’tyto. nffiiait, gtoinp Vll is found to sssocutocto ww tsisto iat 
PneumniMidQ^^^ . 



la a aoies of 2916 ttttaikui of mvaAm^eiiM kio^asoA from «{RXteun in 
ei|^dtfEti«ntait«iof Ei^flaadaaaW^ Tt 
^•5 per ceat.) were MtaatiSed hf ^ eitro eeiecaiiag eulcttnil tetts oa 
Ldwenstein-Joasea medium at foUowa: 

(1) A plain slope for incubatitm for 4 wedtt at 37*^ C. in Ugbt 
equivalent to a 25-watt lamp at 30 to 60 cm. dittance. 

(2) A 8l<^e containing p-acetamido-benzaldehyde thioaemicar- 
bazone, 10 /tg./ml., for incubation for 4 weetn at 37” Q. in tlm 
dark. 

(3) A slope containing p-aminosalicylic acid (PAS), 1 ftg./ml., for 
incuration as (2). 

(4) A plain slope for incubation for up to 4 weeks at 25” C. in the 

dark. ' 

Screening tests were read daily for three days and th«a weekly foi 
four weeks. Of tiiese strains, 40 (14 ptx cent) of which 27 were 
photocdutMnogens, were r^;arded as associated with clinical disease] 
^HLS Report, 1962). \^en repeated isolation suggests that an 
anonymous strain may be acting as a pathogen, it is advisable before a 
final diagnosis to inoculate one guinea-pig with a primary culture and 
another directly with a decontaminated specimen to ensure that tubercle 
badlli are not being masked. 

Sqwofdiytic Commensal Mjwobacteria. — Non-pathogenic 

acid-fast ba^ may be found in milk, butter, manure, water, grass (e.g. 
Mycobacterium fMd) and the sm^ma of man and animals. They aue 
similar in morphology to the tubercle bacillus, but their growth on 
culture medium is rapid; they develop on ordinary media and at room 
temperature (though the optimum may be 37” C.), producing an abund- 
ant dry or sUghtly moist growth which is irregular, coarsely granular 
and sometimes wrinkled; most strains are definitely pigmented— yellow, 
pink or brown. 

Add-fost bacilli have been frequently demonstrated in the deposits 
from the interior of laboratory taps. This possibility must be borne in 
mind in using tap water for preparing films and sta inin g solutimis. It 
has also been pointed out that such organisms may be present on bark 
and rubber corks and rubber washers sudh as are used with specimai 
containers. 

Mycobacterum m^matis (Smyrna baeUbu). — ^This is a oonanensal 
organism found in smegma and smnetimes <m tiie dun. It conforms in 
biok^ical characters to the saprophytic typos dcsci|^ above. As it 
may occur in specimens oi urine, it has to be diffecentialod careftdly 
from the tuberde bacillus. It is gena»% shorter and thicker than tiro 
lattOT, a^ shows greater variation in dae and ^ape. The ammitna 
is but in ufinaiy dcpooito is oftsti dccolouriio^ bjf 

alci^Qli whi^ has ao t&ect on the tubende backus. It i| also tm 
it$i8tsiil to antifbfixuxi tho tubdtdb 


ism of litbeititbs^ in bi^ Its morf^ologjr sii4 stsi 
ssmom those of tibe other typm of tubei^eb^ Its 
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<r& a wiw nqiidin dmfayta ^ 
naotatet. aoie fartBoggneBiai md maws himrianf 

tmaij tki cvdMue • «og»cwbat •retRiy »ppmms«u MM^ad 

oNonM^ sra large, rawed, liemie^ieiical, with a amocw ahiiwr aiuil^ Mtd « 
ydwrw or orowaian'ydiow colour. 

It n ^hi^y virweot to foltrla, v^ich are reiistont to the 
tuberde hac^. For testing purposes, (HX)1 mg. of culture is hdeetod iptra* 
venoualy or the badlli are adnunistet^ by feechng. The gitiaiA>|% evfcm 
is Inglily-eusceptible to the human and bovine types, is leowtaat 
badUus, The rabbit diows a moderate degree of susceptiibifity. ^ ' 

This typenf tubwde badUus sbo occurs in p^, and has beeniMM^ 
in other domestkated mammals, induding cattle. Human tuberetAMM due 
to the avian type has been recorded, but is an extreme rarity. 

MyeobMiterium tubereuloais var. miiiia.-~This otganistn (Fbfe 
ttAerae badUus) has been found in a tubercle4ike disease of mes, whadt is 
fairly widespread. Morphologically the badlU ate longer and *ban 

the t 3 rpi(^ tubercle bacillus and often somevriiat curved. Growth on 
medium is very slow and is not enhanced by the presence of glycerol. Anti- 
genically the organism is umilar to the human and bovine «|^. Inoculated 
experimentally in voles it produces typical tuberculosis, but in guinea-pigs, 
rabbits and cdves is of low virulence, moderate doses producing only a local 
lesion. The vole tuberde badUus is practicaUy non-pathogenic to man. 
Inoculation of the organism in guinea-pigs and calves brings about immunity 
to virulent tubercle IwcUli; and it has been used as a vacdne as an alternative 
to BCG. 


Mycobacterium piacium. — ^Add-fut badUi resemUing the tuberde 
badUus have been isolated from fish and other cold-bloodm anin^ak, ti.g, 
frogs, turtles, etc., and have been r^arded as aetiologicaUy associated with a 
tuberde-like disease in such animals. These organisms grow best at 25'° C. 
and flourish even at 15° C. In cultural characters they correqxmd to the 
avian type (vide supra). They are not pathogenic to mammals or birds, but 
produce lesions on experimental inoculation in frogs, fish, etc. 


Mycoftaetertum l^xae 

The causative organism of Lqirosy. 

Morphob^ astd Stamt^.—-A stn^t or slightly curved stender 
badUus, ri>out the same size as the tuberde bacillus, with pointed, 
rounded or dub-slmped ends; so £sr as is kno^ it is acm-mcdle and 
non-sporing. Like me tubercle baciUus it requires, as a riile, a Stroi^ 
stain, and is add-fsst, though not m the same ik^; hx may i«ak 
unifonniy* hut uMially riiowa marked beading, which may be 
than that dl the tuberde badUua ; it ia Gram-positive, and can be itdmsd 
fdrly teadUy by the ordmary Oiam’a method (rf. tiflberde b adUas). 

CMiaikm.-^A great many attempts have been made by 
workers to cultivate diia oqpnism; the majority have been u astte ceaaftdi 
and though successful results have been daixnkd and cultntes d* ad d * * 
fast ba^ have apparently been isdatod fedpn leprous lesions, ^ is 
doubthil whdheit meae atrdna nspreaent dm true leprosy btciBus, 
Som* if. the organism of mt leptosy on tissne entenma 

has ceoen% been dakaed. , , ... 

FMiyrngfu jiiiwti T ifipTOiy ia an Ideethra gn wwdow Bi dwW>k ii gih i(|i all 
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(1) the i^romakm or noikdar m \(4udbi gnurnkunatous ttodidw 
(lepromata) fonn in ^ ddn, nunxMos membnu^ and vaiieua organa 
(*,g. tangs, liver, 8{>leai, testes), or (2) the tubmdMd tjrpe, vrhere the 
granulation tissue infiltrates certain nerves and leads t» motor and 
sensory paralysis, with characteristic trophic dianges {t.g. anaesthetic 
skin areas— maculae). Bodi types of the disease may occur in tlm 
same patient 

The organisms are found in the granulomatous lesions, being par- 
ticularly numerous in the nodular form. They are distributed intra- 
cellularly for the most part parallel bacilli occurring in bundles which 
may coi^letely fill up cells. They may be found also in die tissue 
spaces, in the walls of small vessels, in lymph glands and in the secre- 
tions of the nose, throat and mouth, due to tl^ fact that the muc^l 
lesions ulcerate readily and discharge bacilli into the mucous secreriqns. 

The bacilli are present in the nerve granulomata, but are 
numerous than in the nodular lesions. The organisms do not occur\in 
the maculae which are essentially trophic and not primarily leproW 
lesions. \ 

Laboratory Diagnosis. — Films are made from any ulcerated nodul 
on the skin, or a non-ulcerated nodule can be punctured with a needle 
and squeez^ till lymph mnides, from which films are made. Filmscanbe 
prq>ared also from a scraping of an excised piece of tissue, or sections 
may be prepared as for histological examination. A convenient method 
is to remove, with curved scissors, a piece of skin (about 2 mm. deep) 
overlying a nodule, and prepare films from the deep surface. 

Films should be made in all cases from the nasal mucosa or secretion, 
as diagnostic information may be obtained in this way even when 
lesions are not present m the sl^. 

The films or sections are stained by the Ziehl-Neelsen method, 
substituting 5 per cent, sulphuric acid for 20 per cent. The presence 
of the characteristic acid-fast bacilli, especially when they occur in large 
numbers and are situated inside cells, is generally diagnostic. 

When the lungs are afiPected die bacilU may be demonstrated in the 
sputum, but require to be difiFerentiated from the tubercle bacillus by 
difierential Ziehl-Neelsent staining and by animal inoculation; the leproqr 
bacilli do not produce any pathogoiic effects in laboratory aninu^. 

Mycobeudmum kpraemurium. — ^The organism of “rat leprosy** 
which presents some pathological similarity to human leprosy, is an 
add-fart bacillus related to, but not identical with, the leprdsy badlhis. 
This disease oi rats is transmisrtble e]q)erimentally to aniiri^ of the 
same ^tedes, but not readily to odier specKS, though transmission to 
the hamster has been recorded. It should be noted human Iqtroay 
cannot be transmitted to rats. 

htycobacterium joluei 

{fiadJbu cfjftdm's Disetm) 

The causarive oiganism of a chronic enteritis of eattie, and a sirngsr 
dhwiae of riiei^; someriines called Myco* pa rafti hii rMf fc rfn 
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G^.p08itive, add-fiot and akoiM^&d 
N^Iscq iMttiod. It IS oftro coca^cmtivdy short (1 to 2 iii tnit 

fSrf^.lTTT^ *“ Ae 4nd,'|»dlh». rSiS 

fonMy, though tl» tes^ fonas may Siam iireM 

*° caltiTOte artifwlally. 
ditamed on glycerol-egg medium containing 1 per o o n t . 
k^ Afyco. tuieMd^ or o^ add-fast badffi, e.g. 
of^oiga^CT^r 1950). The organism 
which 18 synthesised by other members of the add-^t gmupi d^ hAt 
IB dso pr^t in artam vegeuble tissues and m some funm* It Be 
and can be partiaUy replaced by vitamin K. Primary ^wths dtSL Way 
slowly and four weeks mav elapse before they are definitely vidM^ Tim 
optimum t^perature is aWt 38“ C. After contimied culdvation in this 
way, subcmt^s may be obt^ed on egg media without the addition of 
another aad-mt organism or its products. Cultures resemble those erf the 
tubercle bacillus. 


Animal Pathogenicity »~T!ht disease is transmissible experimentally to 

calves and young goats, the incubation period being several months, liunhs 

, successfully infected. Laboratory animals are mostly refractory 
al^ugh in recent years mice and young rabbits have been artificially infeedd 
with the production of lesions, containing the bacilli, in the i ntest ines, 
mesenteric lymph nodes, liver and spleen. 

PccthogeMsu.—'Tiit lesions are of a granulomatous nature and lead to 
coiTugated thidmning of the mucosa of the intestine; the small bowel is 
primarily affected. The bacilli are present in large numbers, usudly pat-irotj 
inside the cells of the lesions (as in leprosy). 

The disease in sheep may be caused by either of two types; the 
Myco. johnei as isolated from cattle, or a variant which has proved more 
difiScult to grow artificially and produces an orange-coloured pigmi.nt 
disease has also been reported in goats, horses, deer, gnu, ant^pe, rantnl., 
and a llama. * 


Laboratory Diagno^— At autopsy, the characteristic add-fiut WHlj 
may 1» demonstrated in the mucous membrane of the bowd by the 
appropriate smining methods and cultivated from this tissue after treatment 
with antiformin or oxalic add. 

During life, the organism may be observed in the faeces; microscopically, 
groups of nnall add-alcohol-fast bacilli may generally be regarded as diag- 
nostic ^ Tuberculosis may be exduded by the inoculation of materid 
containing the add-fiut bacilli into laboratory animals. 

An allergic dtin reaction evoked by “Jobnin”, a preparation (from 
cultures)^ ai^gous to tuberculin, has been utilised in diagno^, but its 
diagnostic toedfidty is doubtful. Tuberculin prepared from the avian type 
of tuberde badllus ddds a similar reaction. 

The Johne badllus, in common with other pathc«cmc mycobactmis, is 
capable of stimulating production of comidement-mtine antibodies wi^ 
can be demonstrated in the blood serum of cattle. Tiu vdwoftiieootii^^ 
ment fixation test fin* tiu du^nosis of Johne's disease in tubercidetii4)(es 
herds hw 'bera tinder investigation fijr a numtur of years and tijdi^ a, neg^nfite 
complonent-fixation reaction is one of the reguiiements fior the im|Nnttiidn 
of cattle to a itumbo* of countries. 
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HAEMOnHLUS. BORI^BIHXA 

Haenmpittba n^bmxae (Pfeiffer’s influenza bacillus) was ^widaait 
desorbed as the cat^ organism of epidemic influenza and jhnt Im«b 
deswnated hamofhiUc in virtue of its inability to grow ofi' oijtenf 
mednim without the additwn <ff whole blood or certain grBwffH»v> 
motiiig subsUmces present in blood. These growth facton, however* 
aro not restricted to blood, but are present also in certain v^jotalfle 
tissues.^ ^ The Koch-Wedts bacillus, a common canse of acute con* 
junctivitis, shows the same growth requirements m Hamahilus 
fimnsuift and may appropriately be grouped with it. The bacilhis of 
whooping-cough has also been placed in the ham^hiUc group, but its 
growth requirements are different fibm those of the influenza 
and it hi» mw been given the generic name of BardeteUa. If the term 
haemopkiHc is used in a broad sense to designate or ganism^ which requho 
blood for their growth it would embrace a number (ff hM#i^fnf»ons 
species, and the gimeric term Haemophilus is therefore restricted to 
those organisms which are dependent on one or both of die crowdi factors 
teqmtedhyHaemophibifis^henzae. . 


Haenu^hilua influenzae 


Th» organism is commonly found in the diroats of healthy people 
and is associated with bodi acute and chronic infections of the re^- 
atoiy tract. In its smooth phase, it may cause pyogenic tneningitltt and 
acute laiyngo-tradidtis. 

Morj^uiu^ and Staining. — A very small Gram-negative slander 
bacillus, usualfy about 1*5 ft by 0*3 /*, occurring sis^y or in pairs; 
non-motfle; non-aporing; capsulat^ lypcs occur. Oval cocoo- 
badllary forms are noted, and in culture there is marimd pkomotphismi 
some struns, e.g. those present in meningitis, may ^ow 
curved, threadlike forms. 


The oounter-stainiim in the Gram’s stain is inqnoved if eadbdlk 
fudunn 1 :20 ift used and M^ed for 5 minutes. 

Ouftiwaf C%dr«c<srr.~’Ae Optimum temperature shout ST^C. 

Does not grow on ordinary media, but can be cumvaied in'the proasinde 
of blood— e.g. cm blood or pi^erably heated Mood i^. 

It has btm shown that two growffi-promotiag oonititildais pemmu 
m blood troneoeiiatyftwilw cultivation Osutm'&mit, 
tenned the X foctor, is flwrmostsble and tesiMa autoolavlDig at 
This Uabat h luManoda and » supposed to act fo virtue of hsluthi# 
)%qmred for tiro tynthealt of catdase, whhh is otMaroif for die 
8»>wth of tho Mflaaisro. It has been foimd tSrot flit X fottipf 
<^penaed iiflth undet auaerol^ wdW fottwiflw 

>^tedV,fotfoiroflia%deitroyedl 7 l»^^ It baa M Mfodl 1 
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ooenzjiTOe I or II which i$ essential as a hydrogen acceptor in the 
(Dcidadon-rednction processes of the organism. 

It is noteworthy that H. ir^iuenxae grows better in symbiosis with 
staphybcocci, due to^ the fact that these organisms synthesise the V 
factor. Thus, in a mixed culture, colonies of the influenza bacillus are 
bigger in the ne^bourhood of staphylococcal colonies: this appear- 
ance has been described as satelUtim. 

Blood agv: very small, transparent, droplet-like colonies which tend 
to remain discrete. Optimum growth occurs in media in whudi the 
contents of the red blood cells are liberated either by heat, e.g. chocolate 
agar, Levinthal’s medium, or by peptic digestion, e.g. Fildes’ medium. 
Smooth capsulated strains have ra^er larger mucoid colonies with a 
characteristic iridescence which is best seen on translucent media 
(Levinthal or Fildes). \ 

Glucose and various other carbohydrates are fermented. Indole ia 
produced by some strains. \ 

Certain strains have been found to differ from the t 3 rpical form in' 
produdi^ a well-marked zone of haemolysis on blood agar {H. haemo- 
fyticus). These may be coarser in microscopic appearance and tend to 
develop elongated threads. Most of these haemolytic strains require 
both X and V factors for growth. 

Some non-haemolytic strains are independent of the X factor and 
require only the V substance; these strains have been desigiuted 
H. para-influenzae. Strains of this type have been described in some 
cases of subacute bacterial endocarditis. 

An organism originally isolated from a purulent condition of the 
preputial sac in a dog {H. cants haemogMmophihu) resembles H. in- 
fluengae in general characters, but requires only the X factor for its growth. 

H. sms has been found in an influenza-like disease of pigs associated 
with a filterable virus. It differs from H. ii^bienzae in the lack of 
fermentative action. 

Antigenic Characters. — ^Pittman has classified recently isolated 
smooth capsulated forms of H. influenzae into six serological types 
(labelled a to f) based on the specific soluble substance (polysugar 
pho^hates) as capsular constituent. Organisna isolated from menin- 
gitis or acute laiyngo-tracheitis belong predominantly to t]ype b. In 
culture the smooth organism readily undergoes transformation to the 
rough form which lacks such spedfic su&tance, and, under these 
conditions, strains assume considerable serological diversity. Change 
of type can lie effected by the action of DNA of one type on rough 
attains of another type; this phenomenon is similar to that first de- 
scribed for pneumococcus types (p. 92). 

Ansmal Pathogmic^. — H. it^btenzae is not naturally pathogenic for 
laboratory a nima ls. Mice may be infected by intraperitoneal injectum 
of strains suspended in mucin. Capsulatod, but not iian<‘oapsu]ated 
attrains, resist the bactericidal action normal rabbit bkwd. 

FadK^O|iMiSir--Rou^ straina of 0 i/&AHMueare fisund^^ 
]^»ftortton (30-80 per cent.) of normal thraats. lli^ aie opportutMlS, 
or poteirtial paffkogens, like the pneumocood found in the na|flr* 


jHABMOPHILtrS ZiM 

fitoiy in tlua are usoekted wiili infe^ 

tttDndiopnetinM}nk)whenAet«spiiatoryttacabIeaaraai$lii^ ^ 

invasidn, e.g. following a primaty vinu infection or at ^ exttnfoiiat^ ' 
life. The name “influenza badlhis" was given fotltkotguifesatll^ it 
vraa found in many of the influenzal pneumoniaa in pafidefoic ^ 
1889>90. It was agamaasociMed with seveie influenzal feMitaBnfeitiMi 
1918-19 pandemic, but other pathogens (pneumococci, 

8 taph 3 dococci) were also commonly found; by that time it was h e e)i0(t m g 
accepted that these bacteria were second^ invaders, altfaou^ fe ‘tnkf 
not until 1933 that the virus aetiofogy of influenza vras estahlwhed* 

Besides its importance as a secondary pathogen in acute i^esptratory 
infections, H. mpuemae is the organism most commonly nnu^ in casts 
of chronic bronchitis and bronchiectasis. Its causal rdationflup to 
these chronic infections is not clear, but it may be noted that c Ji n i c fl 
improvement following long-term (^emotherapy in these conditions is 
usually accompanied by a marked reduction in the numbers of H. 
mfluefutae in the sputum. Antibodies to H, u^bmxat are conunonly 
found in the blood of cases of duronic bronchitis. 

As already mentioned, the smooth capsulated H. infkmzaey par- 
ticularly type b, may be the primary pathogen in two clinical syndrcnnes 
— ^pyogenic meningitis and acute laryngo-tracheitis. These infections 
occur most commonly in young children (menii^^itis, 0-3 years; 
laryngo-tracheitis, 2-5 years) and are usually accompanied by blood- 
stream invasion. The age distribution seems to be related to the 
absence of a bactericidal activity of the blood against H. u^bunaae in 
the age-range 2 month8-3t years (Fothergill & Wright, 1933). There is 
no association with epidemics of influenza. 

Laboratory Diagnosis* — Cultivation from sputum is best carried out 
on heated (chocolate) blood agar or on Levintli^’s or Fildes* medium. 
Rough strains are mostly resistant to penidlUm which naay be incor- 
porated in the medium to inhibit Gram-positive bacteria. In smears 
from the deposit of cerebrospinal fluid from a cato of meningitis, small 
clumps of fine, pleomorphic. Gram-negative bacilli can be seen; blood 
culture is usually positive. The iridescent colonim of these capsukted 
strains are best denronstrated on translucent media. The type may be 
identified by slide-agglutination with the spe(^ antiser^ 

OieiiiQllicfi^w. — ^Although smooth strains of jff. w^tuauuu^ are 
sensitive to peruciUin M well as to streptomycin and the tetta^hnes, 
the drugs of choice for the treatment of Jf. utfbwuxot m^un^tis are 
chloramphenicol and a sulphooamide in combuuition, ^oebom drt^^ 
given orally, diffuse readily into the cerebrospinal fluid. Good rmidts 
have been reported from the use of smfll mainteMnce doses m tW 
tetracyclines in the co n trol of acute ^lisodes of resifir^ory ittfediion ro 
patients with du-onic bronchitis. 


MorpiMEgcy tad 


{Ksi^W^damama) 

aouto and often infeothnia foim of 

iSS{a!fefrg.---Sfeoit, flendcr, Oniiiwtdi^lhib' 11184 



MBDiCAi;* mpoy 

1-15 n in teogtb intiaceliukf wiil» 

tipn *4 poIjjinoipJi leoooc^ of tiie mflKosuitoiy «nid«te is dais. 
scteriMic. 

Cukural Charaeters. — Doei not gww on ordinuy media Iwtt ^ 
S* ttiflu^txae can be cultivated on !i:MMlia coiitaiiiiiig blood; ib, its 
growth requiranenta and gooefal cultund diatacteta it u very «?«>«»•• 
to the influenza bacillua. ^ 


Ibenuqdiilua ducr^i 

{Bacillus of Ducrey) 

Asaodated with Chancroid or Soft Sore. 

and Stamng.—A Gram-negative, rod-ahaped organisi 
1-5 ii by 0-4 fi; occurs in pairs and chains; present in the exudate fro{ 
the sore, in dte tissue lesion and in the secondary buboes; it is nod 
motile and non^spoiing* 

Ct^al Characters.— This organism has proved difficult to cultivat 
artifiaa^, and ^pears to be a strict parasite. It requires the X growth 
fiffitor of blood but not the V factor. Primary cultures can be obtained' 
from the Mre by moculating directly tubes containing coagulated rabbit 
blood. These are prepared by distributing fresh rabbit blood, with- 
drawn mun an w vein or by cardiac pucture, in amounts of 1-2 ml. 
rn sm^ test-tubm. The tubes are sloped and, when the blood has 
^tt^ are heated at 55* C. for five minutes. The inoculum is intro- 
due^ mto foe serurn which has separated from foe dot. After growth 
m the organism can be isolated on blood-agar plates. This 
method has bera used for diagnostic purposes. 

Du^’s todUus has also been cultivated directly by inoculating 
foe surface of agar containing 20-30 per cent, of defibrinated rabbft 
bl^ sloped in wide tubes with a large surface exposed to air, foe 
cultures bemg meubated at 35“ C. ^ 

Pure cultures can be obtained by puncturing a bubo with a syringe, 

dra^ up some of foe pus, and with this, inoculating tubes of coagul- 
ated blood or blood agar. 

Straim are all agglutimted by a specific antiserum. 

^ auMge skm reaction, produced by foe intracutaneous injecfonn 
M 'itilised for diagnosis and has been n^ded 


hdonucolla lacunste 

{Morax-Axenfeld badSus) 


^^AssocMted with subacute or chronic coryunefivitis: bdieved by 
vtaw ^ " aecondaiy bacterial pidliogea ftflknsiag apahu^ 

2'»««??;--Giamrnegative, rod-stuped atgu^m 
* i*» » P«» «M* to oad; non^mo^. 

1 iio gwwfo o«u» it liifom 

tmpetmut, on coagul^ serum, a.g. iMflfor's amim, 



^soiioxgriLit'A' ^ ' 

tiqpw&oUoR, «ftd odbiues devdi<^ **fiu*’ or “faKsattK^ W tiw 

eurifeoe of the mediurou , . e 

MvamUa, Mfmfacims is oaorphologic^ similsr to the tMtowiM <k 
M orac, (Mt grotra well on ordtiuuy nutrient media at 20‘'-*-30‘^ C. It 
liquefies coagiriated serum, but, uidike the other, grows in ^riariii at 
22^* C* and liqutihes it. It is associated with ooniunoliviria lift sririldi 
there may be primary involvemmt of the cornea. 

Oriier organisms found in conjunctivitis are: the gMSahStitM 
pneumococcus, meningococcus, staphylococci, attx^xtoooeci arid Ht; 
pyocyanea which may cause a very severe infection. 
aUm and diphtheroid bacilli, e.g. C. xtrom (9.0.), are freqa^ normal 
inhabitants of tibe conjunctival sac. 


BOKDETELLA 

The principal pathogen in this genus, the whooping-^u^ bacillus, 
has until recently been included in the genus HamopM^, because it 
required blood for its primary isolation. Ho^cf, ^s organism » 
closely related antigenimlly to two other bacterial species, paraperiussu 
and brondmeptica, which are less fastidious in their growth 
ments and should not be called haemopkiUc. A separate name for tim 
genua seemed to be justified and Bord^t^lhi has been adopted, m 
recognition of Bordet, who first described the whooping-cough baciuus. 


Bordetella pestiusis 

This is the causative organism of whooping-cough, one of ri» 
commonest chUdhood specific fevers, affecting the respiratory ti^ ^ 
characterised by spasmodic coughing often followed by a forced inspira^ 
tion, or ^oop, at the end of the paroi^m. 

MorpOogy and Siamt^.—A. small, o^, 
bacillua, more uniform in size and shape than H. nifinenz^, d efi^ 
badllary fiwma occur and become more numeroiw m rough } 

non-motilc; non-sporing; 

In culture films, the organisms tend to form dumps with dearer 
spaces between, giving a "thumb-print” ^ 

nStomri Omactm: Aerobe. It » umaUy wJT 

contoinaw a large pn^EKUtitm of 

growS^ be d>4»ed on media containing 
Srpuadea or haerntw^m. ^ J 

reauiied bv die IfSinwMM bscUlus. Catalase and a awwtan^ f#. 
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Sexm^-qro^Mtic %iii4 medtt for ]u|;»40ak gi»wtib fw 
been described (Cobm & Wbeeler, 1946). 

pmtussit di£fo» £rom the influensa backus in its 
oontinu^ viid>ility vt low tempmtims (0°~10° C.). It is killed by beat 
at 55° C. for haltf an hour. It is sensitive to the tetracyiines and (hlor- 
amphenicol and tdatively resistant to penicillin. 

The organism has no fermentative properties. 

Antigem C%df<n:terr.-^Recently isolated strains appear to be iden- 
tical in antq^enic characters and react similarly with agglutinating and 
oomplement-ftring antisera. After artificial cultivation, however, anti* 
genic variation occurs, associated with changes in cokmy characters 
due to S-^R transformation. . 

A number of distinguishable antigenic ftractions have been isola^ 
ftom BorJ. pertussis, e.g. a^lutinogen, haemagglutinin, protective 
antigen and toxin. This last component is only liberated after bacteiw 
di^ption, e.g. by freezing and thawing or ultrasonic disint^ratiom 

Anmal PeOhogenkity . — Intranasal inoculation of Bord. pertussit 
cultures in mice anaesthetised with ether produces an interstitial pneu'^ 
monia which may be fatal. Mice are also highly susceptible to intra- 
cerebral injection of virulent strains. A condition similar to clinical 
whooping-cough has been produced in monkeys by introduction of 
cultures into the respiratory tract. 

Fathogenesis. — ^Whooping-cough is predominantly an infection of 
the respiratory mucosa, nmning a protracted course of four to eight 
weeks ifter an incubation period of 7-14 days: convulsions, broncho- 
pneumonia, lung-collapse and bronchiectasis are possible complications. 
The organisms can be demonstrated on the epithelial surfaces in the 
brondiioles and presumably this surface infection is responsible for the 
paroxysmal coughing and the bronchial spasm that ate outstanding 
features of the disease. The organisms are expelled in droplets during 
coughing or in scanty viscid sputum, and are most readily dmonstrable 
in the first two or three we^ of infection. Lymphocytosis (total white 
blood <»lls: 15,000-30,000 and a relative lymphocytosis of 70-80 per 
cent.) is a characteristic feature of this disease. 

E pidemi ology. — ^Whooping-cough affects some 70 per cent, of chil- 
dren in unvaccinated urban communities. It is more common and 
more severe in females than in males. It is an infection of early child- 
hood since there seems to be little or no passive protection by antibodies 
fiom the mother. The early infections are die most severe, so that in 
Britain nearly all the deaths from whooping-cougiroccur in the first 
year of life. Infection is most commonly spread by direct droplet 

S and requires close contact ; the attack rate among suscepdlde 
en exposed at home is 80-90 per cent Regularly recurring cydes 
of epidemic prevaknce occur at two-yearly or longer intervals. 

L ab or a tory IHagnoaii 

for detecting and isdating the organism the “cough*{date'' medi|iKl 
nosy be used: a plate of die Bordet-C^ngou medium » hod aboot 4 mi 



-WKOOFIMO'COVOU. " 0 ^' 

in front of tbe tnoutii of the oetient tvhilo oouflhfflEs the dele is th*?** 
inoculated direedy with the exi>eUed fritee di^* 

incubation the “pearly” colonies of Bwd. pertussis can frequ^itiy be 
recognised without difficulty, and id^tified by miertneopic, cultitrsl 
and serological m^ods. 

While the cough’'plate method has proved of praetKiai 'Vtdunin the 
recognition of earfy cases of pertussis, it is omre applicable in hnftillil 
cases than in goieral medical practice. A specimen for bapter ^e ^ ^B 
ditn^is can be obtained more conveniently by mring « pemasal IMMllj 
For this purpose, a fine pledget of cottem wool is moumad PH i iwig 
fiotible wire and the swab is passed into the post-nasal space through 
the nose. Alternatively, an ordinal^ throat swab bent sA the end 
is passed through tiie mouth and behind the soft pdate so as to 
secretion from the nasopharynx. A plate of the Bordet-Gengou 
medium is inoculated by smearing a section of the plate directly with 
the swab and then distributing the inoculum from thin area on the 
remainder of the surface with an inoculating wire. To prevent over- 
growth of the plate by other organisms and to render colonies of Bord. 
pertussis more easily detectable, penicillin solution is added to the plate 
and spread evenly over the surface (6 units per 12 mL ed medium in a 
4-in. plate). Pernasal swabs usually give more profuse and less oon'^ 
taminated cultures than swabs passed through the mOuth. 

A total and differential white cell count can give usrful confirmatory 
evidence of infection. 

Seroh ^. — Both agglutination and complement-fixation tests have 
been applied. Such reactions are more likely to be positive from the 
third week onwards when the organisms are less eawy isolated, and 
may be useful in confirming the diagnosis in atypical cases. Fresh 
living suspensions of the organism should be used for the a^lutination 
reaction which is a more sensitive diagnostic test than the complemoat- 
fixation reaction (Evans & Maitland, 1939). 

CSiemothen^. — ^The tetracyclines and chloramphenicol have been 
used in the treatment of pertussis and, though m vitro the ^>edfic 
organism is sensitive to these antibiotics, clinical re^xmse (reemetion 
in number and severity of paroxysms) is hugely limited to cases treated 
in the early stages of infection. 

Pw^yfruris.— -Although whooping-cough vaccines haw been used 
for many 3rear8, it is only recently tlut carefully conlroll^ trials (Report, 
1959) have shown that certain pertussis vaccin^ can giw a high degree 
of protection against whooping-cou^ Vaccines, made from sti^ns 
of Bord. pertussis in the smooth phase, grown on defin^ meffia and 
killed by merthkdate or formalin-merthioiste, are given in three doses 
(each of 20,000 M, orgaidsms) at montidy intervals. Because of the 
severity oi whooping'-cou|^ in infrmey, it is recommended that vaocisia* 
tion be catiied otrfbetween two and six months of age. WiBs a good 
vaedne, tim attaifr lam in home awy *»c 

compared with 80^ per cent, in the unvaoMei fhotection mif 
be ‘to lait frnr at least two to three yeaia. When 
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DoCgh ooeuxtt it) a VKspiiiatedcl^d, tiw tna^ mitrfrr j -j- 

*«« Am&>n Uto to w,«^ dSsf ^ 


TlmotgaiiMm 
a niSder foim 


^^o*?detella paii^icatusab 


tihis ccmiitry. It diffe« r! 2 w * ^ w »ppM«imy not commiMJ in 

pwjy-bh ck jto. to toi of'.toS^^^,';^^ 

“Kl onraboUture grows te«liirSrordta<UT-ajffi 

Bordetella bronchiseptica 

beeJ^Slij"*^ oiigii^ty described in canine distemper and has^ 
bero oon^fcred to have relationships to the Brucella «wd It k 

i^tigenic characters and its t£n to Bor/ 
pSSJS^ SSk^'T ^ *n its motility and in possessing 

Incanine dkSSjkif ““ ordin^ media without blood. 

SZriSlwST^f *’^’^*8 8 s^ndary infection, but is frequently 
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CHAPTER 16 

SAtMONEUA 

The fiuiuly Enterobactcruccaie is composed of ouoierans imter'< 4 BdbKtod 
bactem aU of a« Gtam-nc^S^ rods, 
pentnc^us flag^ or non-modle. Hiey u« nom-woriag Mid 
on ordinary m^ia; all ferment glucose rapi^y vitia or snfiioM 
production and reduce nitrMes to nitrites, Many species am j n um tf t ” !, 
IMthogens or commensals, whilst a few are saprophytic and k 
soil and water. 

A classification of the Entaobacteriaceae is wMiantial for 
epiden^logic purposes, and several groty» or genera am recog- 
nised within the family. Each genus is made up of biochemically 
similar strains which are antigenically related; it must be noted, how- 
ever, tlut the biochemical interrelationships of the fiunily do not allow 
all strains to be assigned to one or anoker g^us, and intermediate 
strains are frequently encountered. With tl^ proviso, and recog^using 
that there are intergeneric relationships among typiik of the 
several genera, the family can be divided into the following gmups: 
Sabrnmella, Anzcm, Sh^ella, Esdimchia, CUrobact», Kkbti^, 
Cloaca, Hernia, Proteus and Prooidemda. In the present chapter, only 
SahnamUa and Arizona species will be considemd. 

THE GENUS SALMONELLA 

Mote than 400 types are included in this genus; SahwneUa typH 
or the typhoid bacillus was the first member to be described and is ke 
causative organism of typhoid fever. The impovements in enViron- 
tpntal sanitation and a better knowledge of me epidemiolo^ of the 
disease led to dramatic reduction in morbidity; this has been loQowed 
more recently by a marked reduction in fiitali^ rates effected by 
chloramphenicol therapy. 

Paratyphoid fever is clinically similar to typhoid fever and in Britain 
is caused almost exclusively by SidmoneUa paratyphi S (the paratynb^ 
Bbadllus); the other aetiolo^ agents of paratyphoid fever am 
elk pataty^ A and Sabmelk parai^ C, but these are nxd^ 
encountemd in tius country. The term ‘‘entmic lever” IndM^ 
t^hoid and the paraQikoid fevers; in addition to their diaicaJ 
simfiarity, the gross pathology is the same irreMectim of tiw injEoeting 
organism and tiie distinctum depouh on bactemdogical invesligatioiik 

8ALIt«INELLATmi 

(S.typlioM) 

Motpkfkigy and SUttnim,-^A Gram^iMgitiive, noti^'tgMriiig iMtllhttk 
about M 0*5 )i«, netimly motik 

flagella; d^ not possess a atfmik. Most strains am ftnbriaM . " * " 


W, MCOICAI. MICROBIOLOGY 

, Cultural Characters . — ^Aerobe and fecaltative anaerobe ; temperature 
ra^^ 15®-41® C., optimum, 37® C. Grows well on Ordinary media. 

Colonies on Agar-~-inoderatelf large, diick, gteyish-udi^, moist, 
circular disks, dome*shaped and smooth; the opacity and siro vary 
with different strains. Stock laboratoiy cultures may show a mixture 
of these smooth cdcmies with rough colonies which in the extreme are 
irregular, dull, effuse and dry. 

Colonies on MacConk^s Medium. — Similar to above and “pale” 
or colourless, since S. typM does not ferment lactose. 

Desoxychdhue-citrate Medium. — Colonies also “pale” or colourless. 

Viability . — ^The thermal death-point is about 56® C. The majority 
of individual bacilli die within a few hours when subjected to d^ing. 
In watn ffte b^illi gradually die, but may survive for some time; thus, 
in sewage-polluted sea- and fresh-water, viable bacilli have been found 
after four weeks. In sod, survival may occasionally occur for six ' 
or longer; in culture, the oiganiun survives for long periods, e. 
several months. Although S. typki is sensitive to several antibioti 
in vitro, chloramphenicol is the oiUy satisfactory drug in therapy. 

Biochemical Reactions . — Glucose and mannitol are fermented with>^ 
out gas production; lactose and sucrose are not fermented, nor is 
indde produced. By extending biochemical testing to other substrates 
(particularly organic adds) it is possible to differentiate S. typhi from 
the paratyphoid bacilli ; biochemical subtypes of S. tyfM can be 
recognised using arabinose and xylose as substrates and such sub- 
types ate epidemiologically significant, e.g. strains usually ferment 
xylose promptly, but some spUt xylose late or not at all; similarly 
arabinose is rarely fermented and then only late. 

Antigenic Characters . — ^The serum of animals immunised with S. 
typM contains agglutinating antibodies which are' specific for the 
characteristic antigens, somatic (O) and flagellar (H), of the organism, 
and agglutination reactions are therefore employed in the identification 
of this spedes; diese are more conveniently considered in relation to 
other Salmonella types. 

Vi Antigen and Agglutinin . — Freshly isolated strains of 5. iyfki 
possess a somatic antigen designated “Vi”, occurring as a sunace 
antigen; such strains are more virulent for mice than strains lackipg 
the Yi antigen. The Vi antigen renders the organism relatively in- 
agglutinable by an O antiserum, and serological identification with the 
latter must be made with a fresh saline suspension of 8. typhi whidi 
has been boiled for one-hour and washed by centrifugation. In addi- 
tion, an unheated suspension should be tested with Vi agglutinating 
antiserum, whidi is obtained by immunising animals with an alcohol- 
acetone treated saline suspension of 8. typhi known to contain the Vi 
antigen; after harvesting the serum, H and 0 agglutinins are absorbed 
from it with a strain possessu^ H and O antigens but devoid of the Vi 
oomixment Alternatively, an unabsorbed serum made from a Vi- 
coBihdntng Bdlerup culture may be used. 

• OmYetsely, for the detection of Vi agghttinin in seruni {e.g. ha a 
carrier of 8. typhi), a Vi-containing su^wi^n iff 8, typhi nmst' ba 
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AtAmd Patiu^iadcity.—ln commoa witii other metiihen of tibe 
genus, 8. iy$M is prinuuily sn iutestbal pani^. It shows a 
host spedSci^ for man; S. typid does not appear to ihfeot 
under natural eonditbns, and ordinary laboratoiy Sdr.*)nl^ 

rat, mouse and guinea-pig, when dosed orally wtdi S. tMf 

suffer any ham&l result unless massive doses ate empk^ed, lim 
even then the illness is quite unlike that of tyjffioid fewer. li lNl f 
adequate doses are admuustered to mice by the tntf a pwltOFWH-^ or 
intravenous route, death results, but this is probably toxaethie; witb 
non-lethal doses die ^sease in mice shows little or no tendency to 
Spread by contact from mouse to mouse in distinction to the epizootic 
spread following the introduction of SalmomUa typhinmrvm. 

Pathogenesis. — ^Infection is by ingestion; from the small intestine 
the organisms pass via the l3nnphatic8 to the mesenteric glands, whence 
after a period of mtiltiplication they invade Ae blood stream via Ae 
thoracic duct; the liver, gall-bladder, spleen, kidney and bon^marrow 
become infected during this bacteraemic phase in the first seven to ten 
days of the disease. From the gall-bladder a further invasion of the 
intestine results, and lymphoid tissue— Peyer’s patches and lymphoid 
follicles— are particularly involved in an acute inflammatory reaction 
and infiltration with mononuclear cells, followed by necrosis, sloughing 
and the formation of characteristic t^hoid ulcers. Haemonhag^ of 
varying degree may occur and, less frequently, perforation through a 
necrotic Peyer’s patch may complicate the illness. 

S. typU is present in huge numbers in the inflamed tissue in the 
ulcers and is found in the intestinal contents and the dejecta; it may 
localise in the kidney and appear in the urine, sometimes producing a 
marked baciiluria. The badllus is found in other lesions occurring as 
complications ot sequelae of typhoid fever— e.g. acute suppurative 
periosteitis and osteitis, abscess of the kidney, acute choletysthast 
bronchopneumonia, empyema, ulcerative endocarditis 

In 2-5 per cent of convalescents, the typhoid bacillus persists in the 
body, sometimes for an indefinite period. In such chronicoarriers, foe 
bacilli ate most commonly present in foe gall-bladder or rarely in foe 
urinary tract and are accreted in foe faeces or urine. 

Ij^ pfdfemfo ingy.— The sources of infection are patents suffering from 
the diamse, including foe mild and ambulatmiy forms, and catrie^ 
Typhoid fever is predmninantly a water4wnnie infection and so, in 
communities where adequate treatment of water suppUm is undef* 

taken and where a water-carriage system (rf saw^ disjwsal » openaingi 

the xeoogmsed esse of typhoid fever is unlifcel^ to act as a focna m 
^idemte spread sinoe be should be achnitted to hoapitd and nu taed 
vrifo aaeptic ptecandoas. < ' 
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MEDICAL MrOROSlOLOOY 

'CsaieR oiS. typki are a naote iSefyaource af jhaaioa^ 

ipunity widi well devdoped ^virom|aeiital aervu^ BatdlS; pieeient 
hands the canrkr can be im«di(^Teid to noMijr vehMas; n cfsnier 
oogi^ in daily work may contnininate nUIk, which cad serve 
tnedium and a likely mode oi apiead {Bradtey^ 1943) but there w 
no evidence that S. causes bovine injecdon. ^imilarh’’ camnm 
e^piged in food-hamUii^ either in preparation or distributioa oif.lbod'- 
stutEs have been incriminated as Murces in epidepnic oud>reak$. 
Shell-dsh harvested from sewage-polluted sea-water, and vegetables, 
salads and water-cress contaminated widi human excreta have dl bCMi 
noted as vehicles of infection. 

In materially kss favoured countries the absence of community 
services results in low sanitary standards and greater opportunities fpt 
epidemic ^read in watm: supplies or foods contaminated by cases and 
carriers; in these drcumstances also, flies may transmit the bacilli fropp 
excreta to foodstuflb. 

Bactaru^hage Typing of S. typhi . — For i^idemiolo^h!fd purposes , 
method has bera eudmrated of differentiating Vi strains into types by 
means of an anti-Vi phage which, on aerial cultivation with one of these 
types, acquires an increased activity u> strains of this type. Thus, 
type-specific phages can be obtained which, in certain culutions, act 
selectively. ^ basis, 33 plu^ types have been recognised and in 
addition several provision^ have been identified. In this way, 
freshly isolated strains possessing Vi antigen can be classified and the 
medi^ has proved valuaMe in epidemiologic studies of typhoid fever, 
e.g. in correlating cases and in tracing the source of an outbreak and the 
imxle of spread. The technique of plu^typing defies summary 
treatmoit and reference slumld be made to pubUahed woric (Anderson 
& Williams, 1956). 

Vi-pbage typing is carried out by the Director of the latematimial 
Reference Laboratory for Enteric Plmge Typing, Central PabUc Healdi 
Laboratory, Colindale, London, to whom cultures should be sent. 


SALMONELLA PARATfFHI A (S. pantyphi) 
SALMONmA PARATYPHI B (S. schottmtiUeri) 
SALMONELLA PARATYPHI C (S. Undifeldli) 

These are the causti organisms of paraQrphoid fever wludi is 
CBse nt ial ly similartotypheidfevKbutc Kn^lly iB milder and of shorter 
dneation. In their mor^ology and general cultoraJi diaracters die 
pannyphoid bacilli are ideaticu with S. typhit but they can be diffinr>- 
entiated from die latter by their abfiiQr to produce gaa in fetmcatatisin 
reactions, and the following table exo^liM this wature and dso die 
diffeiantiation of the paratyphoid badill one firam the odier, 

Iloweyiw, as whh aU membeia dm iSehiMmdla, the 
jd nndd iai tim trf type depends on s<»<dD||^taa^^ 

C^octerr.— These bacilli pcaaesa d^fEetenC dstifMMand 



tARAnrsaiD ^ 

tatimem 6)f ka^wn tttt$m are uwMt $ik iM 

ol^n^lM^^^irpea, Tfab is dealt iH<3) <») 



Glucose 

Mannitol 

Xylose 

iLtattiwto 
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S.typhi 
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S.paratypidA 
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B 

+ 

+ 


Hm 

4 
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Keyt: ± »»ci<i, no s**i + ■‘•owi «>d gn; V«-y«mMo ictotioni — •ao MactiMu 


Pathfigettesis , — ^The mode of infection and the distribute of die 
paratyphoid bacilli in the body of an infected person or carrier are the 
same as in the case of S. typM. 

E^demiology. — The sources of paratyphoid infections axe human 
ca f^>a and carriers, but there is evidence that, in comparison with S. 
typM, many more paratyphoid bacilli require to be inges^ befom 
infection results. Herrce water-borne spread of paratyphoid f^r u 
rare and most episodes result &tnn the mgesdon of food studs wim pfM 
in the summer months like drc salmonella food-poisoning 
infections (Savage, 1956). . . „ 

Bacteriophage Typing of S. paratypht B.— Phage typi^ of this 
organism is us^ for epidemiologic purposes. More than 30 disbnct 
^pes, subtypes and variations can be recognised. Cultures for 
typing should be sent to the Enteric Relwcnoe Laboratory, Colmdale. 


LdbontiMy l>iagiio^ 

The bacteriology du^;nom depends on (1) the iacydon (am ^ 
body, and the identification, of the ca^ve o r g b 

demonstration of its presence in the body by the Wid^ 
reaction which is based on the occurreocc of speofic agiytiiuns to W® 
organinn in the serum of tl» Wected pe“^ , k 

Shod Cniinre.-^U the early of ^ ^ 

the most conclusive disf»cstic me&od, and dtotOd to 

suspected cases du«i^fimseveam^*»«^^ 

tauto^iclate) is woohMasadedi ^ ^ 
laboraterv niooedtiife is nfitvred to m t^aptsr #»« 

tributed to S inl tgdwdtitoy 

15!^» 
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MEDICAt MIOE0EX%>LOCy 


1&eIaitercBiiEH» rapid bllB/tf 

otgaaisQU pMsent IncubEtkun and fertfaw cMitiwMrtion ki^- 
lokmed as fen* blow cuHute. 

Hie probability o( detnoostrating die causative oigaiiism in tbe 
blood lesBens as ^ disease, pn^gresaes. If the result is positive, tfaiii 
strain is isolated in pure culture, and identified by morphobgit^ 
cultural and biochnnical characters and by testuuz it vtith agglutina^g 
antoera (0 and H). 

Faeces.— Si t^U and the paratyphoid bacilli can be isolated from 
the faeces tiuou^ut tiie illness, but are most frequent during the 
second and third weeks. Repeated examination of tte faeces may be 
required before isolation is successful. 

If there is likely to be a delay of some hours before specimens m 
faeces for culture reach the laboratory, 2 volumes of 30 per cent, neutiv 
glycerol in buffered 0-6 per cent, so^um chloride solution ^ould 
added to 1 volume of the faeces uid thoroughly mixed with it Thfil 
prevents other intestinal organisms from over^wii^ the sahnonell^ 
badllli. The glycerol solution is ant to become add on storage and ist 
ti]^ unsuitable for use; as a safeguard the solution may & tinted 
with phenol red, and if ^ere is a emmge to yeUow the fluid shoiild be 
^scarded. 

Direa Plating of Faeces. — A medium is required which will differ* 
oitiate colonies of t3rphoki‘paratyphoid bacilli from those of the normal 
bowel flora; in the past, Mac€oidrey*s bile-salt neutral red lactose agar 
has been extensively used for this purpose, but more recently luu been 
superseded by other sdective medu which are inhibitmy to the normal 
flora, e.g. desoxydmlate-dtrate agar (DCA), which, lilte MacCoi^ey’s 
medium, also contains lactose and neutral red. On both of tiiese media 
salmonella colonies are “pale” as compared with tibe pink colonies Cf 
most of the commensal bowel organisms. 

It u essential that the surface of such meXa should be sufficiently diy 
before inoculation, otherwise a confluent growth may result instead of 
sqiarate colonies. 

MiK^lonkey’s medium may still be used for the direct cultivatimi of 
fmces in other infections, e.g. due to gastro-oiteritis producing strains 
of Esehaidtia coK. 

After 18--24 hours’ incubation the cohmiea are usually suffidentiy 
large for aiddnoculatii^ tiiose that are contidered likdiy to ^ sahnon- 
ellae. The plates may also be incubated for hmger periods if no 
su«|dciou8 cohaues ate noted after 24 ho^ The Sbkmies of 5. 
and tiw pamtyplKHd badlfi present a pale or cokwiless appearance, mit 
otiier ha esti fi a l oatganisms may produce not diswinilar ootonies; aesend 
celcMaiea ate therenne subcuho^ on agar akmea, uting a stmiiiitiwM 
fbf tranifo fim the diagnostk phte.^ P 

aand idiRitifiied as indicated under blood culture {nkh 
Wibon and libk’s biamutii-sul^iltim medhim aaa^ 

wfrantage fyf plating nod should ahsayb be enmlOTid lb 
atiMpted btdatimi oS S. tyffiti, tince it is the most meliumin 
lid d«fbedl»r.tltb purpose. Itbrecommmdedtiiattfdium^^ 


01A<INOljKI Oi TffStiilD fSVBft 

it I III I I 

to iiicMiwte for 4 & Iwimh bdfoie diattp^ng, utiy^. ainttiwiai^ k . 

muAlly ijpw rt«SRX‘ 

utoubattcn pectod before cdonies ue raooniuBeUB. 

* have omwd 

sftlmondli^ wiiM pTC9&$xt m siBdll ntuxibci’s in ju^ 

esceoi CR9M, or in the detection of caniers. Fluid T ff«d^ tltd iWlidL 
int^tporating eubeta n ccs which inhibit the a rn ptof n^l ftiMu fdww 
allow^ the pathogenic bacilli to Bouni^ Tetntibiacnte 
sdenite F btoA are widely used; these are liberally tnootklMbd wi th, 
faecal 8uq)en8ion at the same time as direct plating aedl ato a»b* 
cultured to DCA meditim after incubation for 12-18 boms. In due 
way an enriched oihure of enteric fever bacilli is obtained tmd some- 
times an alnmtt pure growth. 

In the e x a m i n a t i o n of faeces from cases of enteric fever the best 
results are obtained by empbyii^ two or three different methods 
amultaneously. This gives a higher percentage of positive lestdts Hum 
when one method only is used. Thus it is recommended that routine 
moculation of DCA and Wilson and Blair plates and of both enrich* 
ment media should be undertaken in the attempted isidation of enteric 
fever badlli. 

Uriiu. — The bacilli may also be isolated from urine. The specunen 
is centrifuged, several loopfols of the deposit being used to 
the recommended media. In enteric fever there appear to be »w»riawMn «- 
badlluric periods, and daily examinations for a wedc of the momitfg 
urine are of particular value where the isolation of the causative n rgani^ 
18 aimed at and where offier m^ods have been unsuccessful. In 
carrier detection and in determining the site of carriage, it sbn«!¥ bO 
remembered that even small quantities of the urine ffom a urinary 
carrier mixing with his stool may lead to the patient being r^[aided iw 
both a urinary and feecal carrier; care in collect q)eciinen8 will 
eliminate such errors. 

Bik. — By means <ff a duodenal tube, bile may be aspirated and 
cultured in an attempt to isolate foe baoUL Ibis technique is cf vidue 
m foe later sn^ces of foe illness and in carrier dttectioa. 

IFtideri BmkUm > — ^The reaction becomes definitely msmifest uaus% 
about foe 7fo to lOfo day. Occasionally it is earW in devekpraent 
(e.g. 5fo diQ^, but may be ddsyed. Ani^ariver»ukatitot«ai%*|B«ip 
of the illness foeicfore may be incoDchi«ive<v It fe customary to tost fot 
patient's serum against standard H mid O suspensi on s (in psoM) 
each entetk fever organism likely to be iatoOtoiitetod--«.^. fo 
S', typki and S. fmMtytki JB. As a ride, boffi O and H iwotinfol mb 
developed, but in some cases mdy one of foeae kgghitiitini |i detobfe4 
partiodstly in foe esxly stages of foe iUness. 

Ibe Wkfad teaofom, ttstod quanritstivdly, is idm 
a certain pofot, 1 $. fote fotte foe reaofom rases feom fob ifoto «r fop 

aboutfoeSdJffo^riitoBelii. A 
u thsKfoew 


For (ktermiiung &e type of infection, H ie more 

rdiabie duoi the O reacttoo, saace the enteric ocgu^ies hnve some 
O antigenic components in common (table, p. 234); thus in a typhmd 
infection, O i^lutmation may sometinm be pronounced with &e test 
8U^)mrion of 5. paratyphiM as wdl as that of S. typfd (O ut^en 12)| 
wh^ in a paratyphoid B iafoetbn, marked O a^uthmrion may; also 
occur with oodi test suspoisions. However, the presence of O agg^> 
rinina usually ttiSects recent infection and both H and O ag^tinina 
should be teMed for routing. 

In intnpreting die result of a Widal test, certun additional fec^ 
must be kq>t in ^nd: 

(1) Nonnal serum may aplutinate the test suspensions in few 
dilutkms, and no diagnostte slg^cance can be attadied t» such |re> 
acdons. In Britain, die usual limits sudi normal s^lutinationof 
Standard Suspmukms^ are S. typM and 5. paratyphi B, H-1 in 30, C^l 
in 50 and S. paratypM A, O and H, 1 in 10. The level of “nomaU 
agglutinins'* to diese organisms varies in degree in differmt corn* 
munities and different countries. If agglutination occurs only in few 
dilutions within the possible rsn^ of normal i^lutination, the test 
should be repeated as later resura may show higgler titres and are 
therefore more conclusive. 

In this regard, itshould be noted that, where dot culture is practised 
ioc isolation (rf enteric baciili early in the disease, tiie serum withdrawn) 
from the ^lecimoa can be used for Widal testing and the results used 
as a base-line against which tests with subsequent specimens can b4 

(2) Non-qiecific antigens, such as findMial antigens, may be present 
in test suspensions and react vrith an igglutinin in human sera. This 
may cause a fallacy in the Widal test unless the suspensions employed 
are known to be fnt from such antigens (]||>. 245). 

(3) Persons inoculated with typhoid-parat^hoid vaccine (TAB) 
also show specific agglutinins in their sera, and tlra may complicate tiie 
interpretation of the Widal reaction in such persons. In previously 
vaedrated cases a defihitdy rising titre for any one of the oeganisms has 
been regarded as rigntficant feom the diagnostic viewpoint; however, 
non-specific fecton, sud^ as a non-enteric febrile oondfebn, may cause 
an increase of agg^nins aheady {uesent as a result of vaccination, mid 
onteric infection by one organism may lead to an increased agglutination 
titre for tiie otiraa (anamnestic reactions). ^ 

It has been dumed that in such persons, several months after 
vaccination, the agglutinins ate noairy^ dP tiie H type, whereas la in- 
lected aufcj^ botii O and H agg^tinins can be demonteiated. Thus, 
in the appUcatkm of the Witfel reaction in vaednated peiaonk, tiie 
results may be of douhtfol rignificanoe, but if over six moatiia Iteve 
inwaed rinoe the date df vaccimtihm and if the 0 ugg^tetinatiim titee h 


^ fflintdttd; SutpfintkMii I]^ipiotli6 Aniiiiiii iin iiMMuiiilil# 
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MratMiM ttsms teem. “ •' 



iNTBftlC CAItltiBltS 

hi^m thnn. I in 106 isA «ii lepestad tostl^ ttidi 

be eontt^isnd 

Tbe bacteriok^ •bould be infonaed of tbe clinical hjffUmr. fMl 
any TAB vacdnstKHu; widi this Uaiaon. the idiyueijui out m, t«|3t 
receive as evaluation of the Widal reault ladier wOn a 
of reactkm titles. 


Diai^BOtia of Enteric Carriera 

The proirf that a person is a carrier depends <» the 
S. or one of the paratyphoid bacilli from the foecei or wr{ne» Oad 
in view dF the intermittency of excretion at least 6 consecutive extsBipa'- 
tions of such spedmens should be made before tihe result is dedared 
negative. Ibe mediods en^byed ate as described above; nnoe die 
bacilli are likely to be most numerous in the bile and in the oontenta of 
the small intestine, mcamination of agitated bile is valuable or alter>’ 
natively the subject should be given 3 grains of calomel followed by a 
saline purgative, and after catharsis the second, or preferably the ddrd 
stool is exanoined. 

In a considerable proportion of carriers, the Widal reactbn h 
positive, and the test is of some value as a preliminary screeniim pn^ 
cedure provided that the subject*s experience of TAB vaccination is 
known. A negative Wodal reaction does not, of course, exdude ^ 
carrier state. If die subject’s serum is tested whh a Vi-<sontainiiig 
strain of S. tyfM, the presence of Vi agglutinin can be detected and a 
positive test hu considerable value in recognidng carriers of S. 

Ibus in suspected typhoid carriers a dtre of 1 in 10 is regarded as sighi* 
ficant; however, individuals to whom TAB vaccine has been givtm 
majMposseas Vi agglutinins. 

diemodimi^.— In spite of contrary evidence from animal exped- 
ment, none of the sulphonamides is of value in treating cases of en^etb 
fever nor in the sterilisation of chronic carriers. Chloramphenicol, in 
adequate doses, leads to nqiid dinical cure, but has alsp rcsniltecl hi an 
increase in the rehpse-rate on discontinuing therap^^ seoiMid attacks « 
enteric fever have also been reported. 

Propliylasds.— 5. tyfM and the paratyphoid m never para- 

sitic on hosts other than man; therefore preventive messufos 
the spread of enteric fever are more readuy undertaken and atienden 
wifo g re a ter success than in disease in which host specificity IS ICil 
strict 

Genersl preventive rneasures include the fidlowin||[: 

(1) The institution and maintenance of safe water s iy jd 

water-bome sewi^ disposal systems. 

(2) Hw atmertMoo of peCicsMiti eogi^jed in weteiMW^ 

farms and in andthctotestiwtitm 
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( 3 ) Piotection of fiMkbCiift ittm ffiM'iod ^ stcm^ of food M 
lefr^WBisois. ' 

( 4 } BactmcAoj^ ooatrdl ia^rted foods, e^. desiccated 
Cocomit and tinned ineats. 

Specific preventive measures: ' 

( 1 ) Adequate nursing of cases and the maintenance of an Enteric 
Register for each communi^, in whidi is listed all known chronic 
carriers; the phage-type of S. typhi or S. para^^ B which carriers 
are excreting shomd M noted in ^ Register, since dxis information 
may be invsduable in tbe investigation of mture outbreaks. 

(2) The control of known carriers in rdbition to foeir employmein; 
carriers may be cured by surreal measures, e.g. cholecyatectomy, |r 
by antibiotic therapy, e.g. massive dosage of ampicUlin (Christie, 19^; 
Whitby, 1964). 

(3) The administration of TAB vaccine to individuals at speciai 
risk, e.g. (o) troops and other persons travelling into or residing in at^ 
where the standard of sanitation is low or where enteric fevers art 
common; ( 6 ) laboratory workers handling specimens or live suspen- 
sions; (c) individuals residing with known chronic carriers. 

TAB vaedne is prqiared from selected smooth cultures of S. typM, 
S. paratyphi A and B according to the method described in Chapter 48 . 
The vaedne is usually sterilised at 60° C. (thirty minutes) and 0-5 per 
cent, phenol added as a preservative; it is standardised to contain 
1,000 million S. typM and 750 million each of S. paratyphi A and B 
per ml. The first immunising dose of 0'5 ml. is foUowed not less dian 
ten days later by a second dose of 1 ml., bofo administeted subcutane- 
ously; for those continually at risk, a booster dose ( 0*5 ml. or 0-2 ml. 
intracutaneously) should be given biennially. S. paratyphi C may be 
incorporated in die vaedne (750 million bgdili per ml.) which is then 
designated “TABC”. 

Hk prophylactic value of TAB vaednatkm was rqgarded as wdl 
established although the vital field trials had not been undertaken. It 
had been assumed from experimental studies on mice that foil 
immunwing potem^ of Qqhoid vaedne depends on the use ^ vtn^ 
stoains containing equate O and Vi antigen, but sterilisation heat 
and preservation with phenol tend to desti^ the Vi ant%en. To 
preserve this antigem Fcm and his team advocated a less severe trsst- 
moat for the vacc^ cultures by killing with 7^ per cent dedbd 
ai^ preservation with 25 per cent, alcc^; this alcofaolis^ vscrikie 
stumilates the formation of Vi antibody in a substantiid prMKWtion 
Vaccinated subjects. 

Tlie compuadve efficacy of die two types <rf vaedbe has teoea# 
hhem die subject of nriedy contrdled fidki triab hi Yugedavia thider 
*he Worid Heslth Oiganisatkm. Thtt sas^ iWiMe 
tiw fheoedised typhoid vaedne is supeefor to the Skcdwthlped VSidNie, 
sSMSitgaveaTOpercent protectbniate; dmtdoelwlhiediwti^ 

to be_ ihde better than a control vaochae ptefMtffd. Uli^ 
jPpps jdevMsri, which foeoredcaUy ribould have no twofomSi 



iVijap fQtsottmp 

in monoid TtoNi «aii)s« «u} ^ tbs uMt of 

ygociiie «re coosid^ted ta Cbsptor 43. 


OIK3AraffldB OF BACTIXRIAL Etmi^ , 
FOOD FOISONINO 

Iaad^<ioPtD<faeeirtericfemorgaojwn8,moiottt»490<hli^ 
geiotypes have been recognia^ and dieae aie aasociated 
fo^ pouoning in winch the Ulnesa tahea the f«mn of an 
enteritis. Th^ serotypes ai« identical with die paw^ri»h<didt>a^ 
only moqihologiGalty and in culronl chatacteristics faM also in d^ 
genet^ biochemical activities; extended bioch^cal tests, with a 
range of substrates, axe of some value in dif^rentiation, but 
j n ti g»nie analysis with type-specific sera allows eai(h member of du> 
genus to be identified wiA certainty. 

Padiogeneaia. — ^Different types vary to some extent in their i^ 
vasiveness. It should be noted that unlike the typhoid-paratyphoid 
b^ ralli, these Sahnondla serotypes are frequendy encountend enzooti- 
cally in nature and also readily infect laboratory animals wh«i inten* 

tionally administered. .... j 

In cases of salmonella food pc^i^, the organisms multiiuy m, aiw 
are ordinarily coofoed to, the intestine but in some cases bacteraemtl 
and septicaemia may occur. Cholecystitis may also result and menin- 
gitis has been recorded not infrequendy as a result of infection; per^ 
^th sickle-oeU anaemia appear to bemore li^letosalma^ infcrtMW 
of bone than individuate free of this condition (Hendrickse & Cwaroji 


1960) 

EWemioiogy.— Unlike typhoid fever, in which hj^ c$m ^ 
carriers axe the sole source of infection, salmonella food pwaoning 
usuily originatea from anknal sources. X^inestic anm^ 8u« l» 
cows, Shn?^ pigs may be infected dmicsHy or ® 

apparently healthy catde a cai^ rate <rf 1 per 
Hobba & Wilson (1959) have aho^ an incr^ m k 

aairoala an moved from firm, 
thought that the carrier stale pro^ to 
during transit when the animal is &pnved of food 

of arioMtoiml 

jk jA A .^JT 
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^01^ wid), dkan pMdwx m»f tm»k in iSu Igmr beee^^ 
ated; if» oq purchase, meat meat |»0(lu£tt are ftm of saliBoaeflae» 
^isv tmy atul become contaminated in the final stanea of jpn^ratkai 
at bmne, in canteens^ achool-meal Utchens and the like, if any indi- 
'vidu^ invtdved in codMog or aervtog the me^ la «amnuw<aalmic»Mllae 
either as a carrier or as an a mbul a n t oaee of infection. O^kine is not 
always a safe means of destroying sahnonellae in foodstufis (MiMer Be 
Baansden, 1955). The food nuely shows any obvious dgn of baotend 
oontaminatitm. 

In addition to meat, cow’s milk and milk products may be a source 
of infectfen; furthermore, i^izootic salmonella infectioas in rats, miOe 
and other ic^nts allow su^ animals to infect foodduffs with thdr 
eaccreta. The use of SeJmomUa eMerUiiis ss s rodent poison for 
eradication purposes carries the ride that this organism may sometl|ne8 
be trannnitted to man in this way. 

Birds, particularly hens, ducin and tuik^a, aufiFer feom salmon^ 
infection and their carcasses may be a source of infection to man; li)j^ 
wise du(& and hen e|^ may be the source, the e|^ being infected eimer 
durh^ formation in ^ Oviduct, as in the case of the dudt, or by foe 
organisms passii^ throu|^ the shell from cloacal discharges in foe 
nesting-box. Contamination throi^h the shell is most likely to occur 
immediately after layii^ whilst it » still warm and moist externally; 
during the cooling period, bacteria are readily sudmd through the sh^ 

Udess infected tgn are uaed for preparation of custards or other 
communally consume products, infection is restricted to the individud 
consumer and sudi sh^le case infections will rarely attract attMitkm. 
The poolii^ of eggs, eitter as raw whole egg for foe baking industry or 
as Bpray-dned powder for home use as well as for manufacturing 
concerns, allows omtammation of otherwise dean material wifo a 


miiUMrity of infected e^. Circumatan^ evidence of foe importanoe 
of audi bulk material in promoting epidemic aalmondla infections has 
oesurred shnultaneotisly wifo foe appearance of serotypes whtdi weie 
rarely ot never encountered prior to in^ioitation of audi material ; 
such a dreumatanoe followed the iirtroduction of dried egg powder 
feom foe U.S.A. during the eaify 3reata of the last war and the extendve 
importatamdffeoxen ^ and <Med eg^ albimim feom China and ofoor 
ootmtriea m more recent yeaia. 

'Ihe imyority of widcanica investigated bacteridogtcalfy ate catned 
one of foe followmg: S. typhhmirimn, 8. 8. timffiMB, 

8* Majperf or S» dMibt, 

akme accounts for moire foaa 70 {Nur 0^ 
breid(8,and{)hu;e-<QriME^ofstiainaliasbeettiiaefedmde«ectingfoeioi^ 
flfiafeetkni. IhebiodiencucaiandantqpenfeaiiDilai^fo&j^^ 
diyh w fo esfoeneBdferswcutafeawcoI^i^idc w^^ 

{saiwfeildb M foe next mod fee<{ttcttify eaooiiH^^ 
nfotNwdca. This serolcgical entity een be «nMhddnd Infoiltfo 
typ^f smi tiMsie 'Qrpfi mb iipiWiWX^* 

foiee biodMsidcal typw can Iw feongnil^ WfoiNyfK 
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Fsooct Util oAtr tpesusttot ans dsak tndi as i& Ht f diittBOiii 
entenc fev&n» udtot® isfdiy yields itosttivtt 

be cutied eu«<tiiiyitn eases where *urer {tmistsorteeovwyiidi^m^ 

Ineonvslesccnoe^ the serum ef padmts sudutiBiiBs tluaemSwuiu 
organisin, but die ag^utimtion test is not t^cidiJe dwriaw^SSlI 
stage as die ag^^utiiiins take st^ days to 
blood.^ The test may ^ applied retrospeedvdy in conyalesetsil 
in which eithex the^ diagnosis been dda^ or firom y hMt an 
salmonella has been plated during die acute phase > thusy gaps in the 
chain of epidemiolc^ findings may be filled by such evidence. 

The bacteriological examination of suspected food-stufib, if avai- 
lable, should l»<3^ed out as in Chapter 55. Itmustbcemphasiseddurt 
n the invesdgadon of food poisoning outbreaks, the bacteriologist k 
ine of a team mcluding clinician, ^ndemiologiat and others; only by 
lose oo-opeiadon will such invesdgadons be carried to a succesrful 
onduaion. 

PK^yiuris. — ^TTie various procedures are tabulated b^iw, and for 
detailed account of these reference should be made to a textbodc of 
lygiene. 

(1) Supervision of the health of animals on hums with the st^rega- 
ion and thaposal of infected’members of a herd. 

(2) Ad^uate meat inspection at abattoirs. 

(3) Maintenan^ of all premises in a dean state, combined with 
odent-proofii^ and anti-fly measures. 

(4) Adequate cooking and subsequent cold storage of food sriiicfa is 
lot consum^ immedktely after preparation. 

(5) Superviakm of the health of food-himdlerB and thdr education 
n methods of preventing contamination of foodstufib. 

dmMxficadon «f SsdmmMlk Snrotypes 

When a lactose non-fermenting bacillus presentuig the guieral 
haractera of the genus has been isolated, its precise identifieat«Hi mtqr 
avolve a ooQsklmble amount of detailed testing, and sudi woric hat 
ended to beomne h^ify SfMuidaed and beyond toe scope of the smaller 
dioratorka. The finlowing description outlines tlwpiooedurea adopted 
nd tiieir unddilyin^ principka, 

The piwsente <» i^teaoe of motility of tito strain uirib^ investiipttifm 
I noted by inoctfiating a tube of semi-soiid agar. A set Of u^tUie il 
Qoedated fw fimneiitatkni reaetiom. Christeoten^i tnea iiiedHim U 


tnry to teuihg the ttnutiin an eueaded laege of bh^^ 
«coriunSW<nn^ Utter inedhbee^^ 
)ther ItiochemiKal mutitiito kmdi ntiqr be te^ 

If xyloto, anbbtw^ Miifioaei htiiM end 

p d-tattfite, l^«[Ati 
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tmtikx of the ge&us in nan of « nondxsr of i^xmps daeg^ted A-I. 
Isqpecdon of the O-taxttgeoii!! fimxnilae exen^iified in tfau table adU 
dww tint idl mendsen of B {MOtieular gconp pooMia an OHUxdgea fiK^ 
ndudi u oranmon throv^out die gnmp «id not daoed adtb other 
groupa, f.g. Gioup A-~0 antigen 2, Grou^ B-~0 anti^ 4, etc. Tbta 

lave to^iove all ^^ior 

the gtDap>8pectfic ant^en ue designated as “Factor 2" serum, “Factor 
4*’ serum, etc. . 

Some RefretHttatives of the genut Sdmondla 
(Ksuffinann-White dassification) 







S. paraty^ A 


S. paratyphi B 
S. tyhptattirhim 
S. sUaity 
5. heiiMerg 
S. ^xrrius-egui 
S. eiortiu-oms 


S. paratyphi C 
S, thokraestus 
S. Bumpsm 
S. baremy 


S. newport 
S. bovis-4HorbifieaHS 


S. typhi 
S.diMin 
S, aUmtidis 
S.gaBittarum^ 



Somatic antigens 


1 , 2 , 12 


1, 4, 5, 12 

1.4.5. 12 

4. 5. 12 
4, 5, 12 

4.12 
4,12 


6, 7, Vi 

6.7 

6.7 
6,7 


Flagellar anti 



9, 12, Vi 
1, 9, 12 
1, 9. 12 
1. 9, 12 


5. cmittnR 

S. mel^ridis 

S. bmion ~ 

1 

ooo 

a«-t s-a 

e, h 
e, h 
l,v 

S. rer^Uaberg . 

1, 3, 19 


S. (Aerdem 

11 

B 

iBsm 

13,22 




* jstsixdssfaad^ . ,, 

firmathm that the otganJbm is a tnembnr of tim gnanm is eblliied 
t n^^htdnatkm team vt^ polfvali^ O setum, and serii^ 








































'8A'l.MOI(Bl.LA TYPING 

ajjjglirtaflatiott <MaCKHW o<# to Vi wnmL &e flflkt^ 

«t tiK)*’ C. for wie ticmr wad oentf^iiged^ fltidi a Ir^ 
gt(moffoelmteddi^naitidiouMibei«te8tedi«Mi{>afyv^^ lit 

either event, foe culture niq>enfom alunild oow be teafod ifoli 
absorbed “FactiMr” sera in one wF whkh ag^utinatbn wiU beiMii^ 
fiirfoer testing restricted to ukndfying foe i^^eifie tmil ^ 
partuwJar O group. Cultures whidi are initiwy Pif 'W 

Vi serum should M in group C if fo^ are S. partHtji^ C 
D if thqr are 5. typM. On occasion, a rough (^ture nf 
isolated which does not a^utinate with g^p D serum afotW lieatiiu 
and it is essential to determine biochemk^y whether a odtiire, whim 
in foe Uve state agglutinates in Vi serum but after heating is ini^utin* 
able in group C, group D and Vi serum, is in fact a rough culture of 
S. typH. 

Determinatim Type . — ^Before proceedii^ to type foe organhnn 
by identifying its H-antigen structure, it is necessary to determine 
whether foe culture (if diphasic) is in the spedtic or non-spedfic phase, 
An H-agglutinating serum prepared against foe non-spedfic, mono- 
phasic variety of S. choleraesuis is a convenient reag«it for this purpose. 
If a formalised suspensbn of foe unknown oiganism is ^lutinated in 
large fioccules to any extent by this serum, it is in the non-spedfic 
phase, and an effort must be made to secure a specific-phase subculture 
of it before further identification is attempted. 

The Craigie tube is a convenient method for obtaining foe specific 
form of a salmonella organism: 

5 ml. amounts of nutrient agw 

(0-2 per cent, agar) are placed in Subculture / "ihxjauoea 

stoppered 6 x J in. test-tubes with withdrawn / 

a small inner tube open at both |a m 

ends and with foe upper end pro- Ijj 

jecting well above foe agar; foe xjvl ; 

medium is sterilised, cooled to 1 1 ty “^whh l^^.Gr 

50° C. and then 0-5 ml. and 1 ml. / / ^ 1=50 tfilutlon 

of a 1 in 5 dilution of the non- // ^ H non-spm* 

specific phase serum (filtered to |p I scrwn 

ensure sterility) are added, givu^ 

a final concentration of 1 in 50 wad Fro. 17. 

1 in 25 re^jpctiv^. The medium Cni^ Tube, 

is allowed to solidify intlro upright , 

position. agar wmfe foe inner tube IS moc^ 

method with non-qiecific, group-phase culture. spw& ««W 
can then , be smanted by mcubtting and subcidturi^ worn tw agir 
oHfo&foeiium^. 'nwbestmsulmamobmnwlbyflfoid^ 


0,2% amr 
"with GT 
|:50 tfiiution 
of H non-spm 
ific scrwn 




duflnuvl !re8ct«m», lorv*; to Ideotify theo!^^ 
the usuel ts^fies of StlttusaeOae. 

The set of Stanciard ag^hstbatibE^ aeca teoomineiiitod is aa foUcma: 


O'aotism: 

S.typMVi. 

I^{d 3 ryakm 0 aeram containutg factors 1-13, 19 and 22. 
FaetOTBera — 

2* for Sdtnondla O group A 
^ » »» M B 

7 C, 

8 C, 

9 D 

3. 10 El & , 


19* 
11 * 
13,22 
H aatiaetB: 


G 


Polyvalent Salmonella serum, composite H specific and non**specific, 
'"Sali^nena H phase-2 polyvalent serum (H Actors 1-7). 

Specific H sera: 


S* paraty^ A 
5a par^yfhi B 
5* paratyphi 
5s typki 
5. nmeport . 
Factor serum 
5 s enUritUis 
5s typJw/nartwn 
5. ihmpsm . 


Anthem 

a 

Factor serum 

Antigens 
1 , y, w 

b 

5. bavis^-morbificans* . 

. r 

c 

5. bareitty* 

y 

d 

5. poana* . 

. z 

e, h 

5. glostrup* 

• 

g. m, p 
g, m 

i 

k 

5. cerro* . 

254 , 

5, tetmessee^ 

• % 


* These sera are not issued routinely by the Standards Laboratory, but only on 
special request. 

Poaitive temilta obtained by slide agglutination must be confirmed by 
the tube>dilution nustfaod to ensure that agglutination occurs at or 
beyond the stated diagnostic titre of the particidar antiserum employed. 


THE ARIZONA (HlOtJP 

This gPMip is composed ci lactose-fermenting otganisnis whidi «fe 
closdy linked, biochemically and antigenically, to the genus 
Tlie first in«nri>er of fiw group was isolated from reptiles and described 

i&m% ■ ' 

These oiganiams, most frequently associated with rutiles, have also 
been isolated from mammala and man, but have ao £sr attracted 
Iktfeaatmtion in Britain ahlmus^ it is recognised that fiiey can prodsKe 
sesece and final human infeettons. 

In fiieir nKnphoh^ and staining reactions, and in ihdr goseefi 
ciiHaid ciuH»ctet»nicB, mernbers of the gimip are indistii^^ 
ssfanowdUe. Wifii die exertion of one aeeoqrpe, these omwatias 
femont. lactose with production; so ^mpt is di» acfivny-lhst 



kKiipttii 4>ii^vv 

produce pink cotonio on die pnnury DGA. pla^ aifter 
ovein^l^ mcubction; with othen» kctoBe-feinaentation may be delayed 
for to five days, and occasional attains show no activity untfi after 
two or three weeks' grovrth. Hieir constant ability to litpicfy 
is s^ in contrsst to salmondUiae, in whkh udatinase prothicl^ ocaniM 
oidy isrd^; conversdy, thdbr fiuhire to feiment dulcind further 
tiaguishesArizoimstmm fimn^vastmjorityctfsalmondjla^ Their 
bi^mucal nnularii^ implkaifibat Arizona strains may be mistaluaily 
iddntifi^ as saimoneUwi t|i| more so since uidgenic ovedi^ping 
betvmen the two is extensivdnptq^mlB both H and O antigens; diagnoa* 
tic salmonella sera can be um as sub^tutes for many of tiie AiSstZIa 
.antisera (Edwards & £win0il962). 

{ At least 32 sero-groupn of Ai^zia are recc^nised pn the basb td 
different O antigens; most of these groups contain two or more sero* 
wpes identifiablekiy flageUar uttigens which, as in the genus SabncmeBa, 
may occur in two phases: 180 serotypes are at present recognised and 
these are epidemiologically s^ificant. 

\ The error in identifying a culture as a salmonella rather dum as an 
Arizona strain is of no great importance since, in man, the oi^aninns 
produce similar clinical s}mdrome8 and can be r^arded as Very similar 
frrnn the epidemiok^c point of view and for proph 3 dactic measures. 

A more significant error is the rejection of m organism « "mm- 
pathogenic” on the basis of prompt lactose-fermentatkm on piimaty 

a ostic media. At present, our knovdedge of the distribmson of 
na 8 erot 3 rpes in man is elementary but of their padu^enicity thesre 
can be no doubt. 
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CHAPTER 17 

SHIGELLA 


Tas mendben of this ^us are the causative organisins oi acute baciUary 
dysentery, a disease whidh is widespread tk^ghout dw wotld and 
whkk has become increann^y common in Britain in die last thirty 
yean. The severity of the illness is, to some extent, rdlated tp die 
pardcular group or species incriminated; the Sl^Ua ^sentmee 
group is most commonly associated with the dassi^ syndrome of 
sudden onset of abdominal pain, tenesmus, pyrexia and prostration, 
widi the passage of frequent stools which rapidly lose their faecd nature 
and become composed of blood and mucus. The illness associated with 
SMg^ samd infection may be confined to the passage of a fW loose 
motions and is frequendy so mild that the individual continues at 
work or school. The stool is seldom much altered except in consist* 
ency, some blood and mucus being frequendy present with it, but rarely 
as me sole constituents. ' 

Two other gcoxipar-ShigeUa flexneri and Shigella boydii — are en- 
countered as causative agents in bacillary dysentery. The iUness 
associated with members of these groups tends to be more severe dian 
with Sh. sormei. 

Morphology and Staining . — Identical with S. typM except that they 
do not possess flagella and are non-motile. Fimbriae occur only in 
Sh.jlexnmtypea. ' 

Cahural Characters. — Resemble the genus Salmonella with the ex- 
ception that Sh. sotmei is a late fermenter of lactose — ^thus, colonies of 
the latter on MacConkey or DCA media become pink when incuba- 
tion is prolonged beyond 18-24 hours. 

VuAiUty. — ^The thermal death-point is about 55® C. for 1 hr.; 
within the genus, Sh. sotmei is more resistant to advene environmental 
factors than are the odier members. 

Biochemical Rsactiom.— The 4 groups within die genus SfdgeOa 
display the activities shown in the table. 


Group 

Glucose 

Lactose 

Mannitol 

Indole 

No. of 
serotypes 

A< SSt. dysenteric 
B. Skfimeri 

C ^.hoydii 

0. Sh<. temri 

1 

1 

1 

J. 

(I) 

1 

1 i 
1 ! 

V 

V 

V 

H 

JCis^X ( )mi 

lekysd reaction; vaBimnabb in differnit trfwa. 


the mtitiben <rf group A differ froih those in othpr groups bj' con- 
iNSaidy ro fernmt manni groups R and C con^n^ spades 
vihidh are biochemically similar to each odusr wheress group D sttiiflil 











Site late lenmntete cf Isteow sii4 ntewr ptoAmt indsicu 'Wi& 'dbe 
ospeptem of Otetain stteite of <$l. fkmtri tjfpe dy ste tei y Ste 

The pntoticsl dassification of ahigefiae into imnnitdrlmiiiiii^ 
and .manaltd non^fanwnting atzaina ia nstained, notedilwtateilBit ihn 
tete tint yam\n OEoeptioiiB mve been tect^iniaed; indeed* iIm» tewtiite 
raiAty of Sh. fiexneri abraina which do not fertnent mannitd pvea ^^ 
latter feature vahK aa an epidemiologic nuuher. This dtewteil^ ii 
beat exemidlfied by the biochemical sub«ditedcm of the ateMoi^Miy 
homc^nemtt Sh.fiamri type 6 aa in the table. 


Biochemical 

Variety 

Glucose 

Mannitol 

Duldtol 

No. 88 

X 

X 


No. 88 

X 

X 

(-L) 

Mandhester 

+ 

+ 


Newcastle 

+ 



K^: 4- <»acid and gBs; X'^acid only; ( )adela)ml reaction. 


Wldun the' Flexner group, mannitol non-fermenting atraina are also 
found ht serotypes 1,2, land 4, but only in type 4 are they as common 
astethvariantsintypeb; mannitol non-ftementii^ strains mSd.jlaMiiari 
type 4 were previously designated SK rabauknsis and Sh. rio. 

The inclusion of duUatol as a substrate in biochemical subdiviaimi of 
type 6 strains allows atraina desig^ted No. 88 to be divided into two 
bio-types; one-diird of such atraina do not ferment duldtol, whteeaa 
die omers produce acid in this substrate after two to four days* in- 
cubation. 

Ant^emc Char^Ktert . — Group A steains can be secogniaed aaooe tif 
at least 10 specific serotypes by agglutination tests with type-sppnhc 
antisera. These types do not show aigniheant intra- or inter-giotp 
ahming of ant^^; umdisorbed seta can thus be used in type tdosite* 
ficatkm. > ^ 


GroupBstrains: 6 serotypes are reoi^;niaed->dheM am 
interrdated by possesskm oi a commmi group antigmi (gronp antbM^ 
1). Budiaeiot]^ wlten freshly isolated, also posaesaes a typo^t^^ 
cmimonent (ty^ ant^ena I, II, III, etc.) aa origmalfy ahmmity Btfd 
(19^). The8efindingihavebeencoafinned«idt3^1,24nd4itete^ 
divided into two subtypes on the basis a£ txmat gnonp e# 

Sh. pmm In possesses the typo-speoSo antittei 1 m AteiictyMH#* 
stinhtt designated subtype In do nm posaeas dte 
wheteas subtype Id stmiaa eoostaii^ contein dd* mim 

hum. Qim^ B attehte tend to lote their typiHMin 

al^te^h vMm ^ 9^ unaimi' ^ 

tyite tfn slnihttotte be eliMiM 









2H) MEDICAL Mt<?E0BlOL007 

Oxom) C sfanuDs: Hie 15 ncoe&iped Bootgrpm oiwcq^ibitiig tluB 
nynm an biodtemically indiatii^uiable fiam gcoup B stnm, twt 
Itt serologicdly distinct from the latter, since they do not Boasesa the 
group antigen 1; however, scoae snoiytws in gio^ 
■i gwifirant sendc^jical relatioti^ps with other group C atxdha as well 
uwtth certain t^ of Sh. flymen, and it is essential that (with the 
«£oeption of Sft. iKyM types 1,1,1 mi 8) diagnostic a^beca should 
be idwoibed to remove agglutinins which react non-^eofiodly. ^ 

Group D strains: Smoodi cultures of Sk, $6iam are sendi^Mly 
distinct feom other diigdlae; the study of siru)otb>rough (S-R) vi^- 
tion of Sh, sound has revealed that each form is antigenically distinct 
and that the recognised relationship with Sh. boydU type 6 str^ » 
solely a of the R form. Sh, sotmd strains cannot be subdivided 

into types by serological methods; attempts have been nuu^ to type 
or characterise strains by other methods (pp.241-42). 

Animal Pathcgemdty,—Cviitarea of dysentery bacilli are generally 
non-pathogenic vhen introduced orally in laboratory animabA liitra- 
venous injection produces a haemorrhagic enteritis and, if th« animal 
aurvives, muscular paralysis may result. These effects are particularly 
marked in the case of Sh, dysenteruu type 1 (Sh, sh^ae), which 
fonns a potent, diffusible toxin. Apart from man, only monkep 
and chimpanzees suffer naturally from bacillary dysmtety (Rewe«, 
1949 ). 

FMhogeneBM.— Infection occurs by ingestion; it is probable that the 
infrcting dose is of a much lower order than for salmonellae (tec^t 
S, typhi). After reachii^ the large intestine the sh^^ellae multiply 
locally with resultant inflammation of the mucosa whidh may, in severe 
cases, progress to ulcer formation and slou^iing of bu^ areas of 
mucous membrane. The cellular response is dbaracteristically by 
polymorphonuclear leucocytei and these are readily noted on micro* 
scopic examination of the dejecta. Dysentery badlli rarely invade other 
tissues and bacteraemia has only occasionally beat reported. 

On eliniral recovery, the patients may omtinue to excrete the argan* 
iwns in their stools for a few weela and smne patients noay bcoome 
persistent carriers. It is worth noting that persons carrying RXi. 
sfyunteriae sero^pes excrete these organisms persistmtly compared 
with carriers of Sh, jUxneri and Sh, sound in whom intermittent ea* 
cmflon is more common, i.s. the o^ianisms may be isdated from the 
freces for two or three ixf* consecutively and then disappear oni^ to 
reappear after some days or wedcs. When comparing earner atmtiOi bn 
Ctetier rates in bacilhu^ dysentery with more recent tbports, it shoidd 
b6 remembered that the introduction of mote sdective niedia, DGA, 
ensures foe isolation of shigeHae vfoen these are preaent |n aiMh imdB 
ittuzfoora that othmwiae they would not be detected. 

%idmnielogy. — ^Sources of infoction am human cases sad oattinin; 
titetmldnatUtemSoniteinfectiotM, often a i n o t m ttog to fltde mere fown 
a socbd ineonvenKmce, aflows Inftatted pattonts to xmmiin amiwddld 
Whh a gnasdy increased cpportanky for dfoamthttofogdto 
ooappai^ wtfo ilte peiami wlm k Oonfltiid to ttefo Ihstolnmdto 



iiA«ti)i.4»4r nirsiJttiiw ■ ''am' 


ins &m subjeot dl smicb 4db«tei pim^kd ^ sugIi m 

pawpg (moipA n^ook, HiKf «r« nnwh im isBp«i«sat in tliie itpniilMf 
the <ya«ne tinn nnei fiitid <» loose ' 

Iq^ Btiteia, bsdllMty dp^mrf is endeaijn «f4te# mm 
cKxsinting in the poit of the ym sad, to a less <!XCftnt, in l«|c 
autumn. Thh coatnsts ipnth especboee in tawp^ «n4 
countries where the disease is most jprevaletit during m 
months. The ladk of modem sanitation hsn tnen introked in esgliain 
the fr^uency of epidemics in oertnin oounndes, end cert«p^ the con- 
struction of elementary toifet Isdlides, e.g. bonsd^M# latrines^ !u» 
reduced the incid«ioe in sudi drcuinstances; by coMiest, in Britain 
vm have seen the almost unrelenting increase in bacilbu^ dynmtery in 
the last thirty years during which time enrifoninmtal hygiene hm hsm 
well above the standard obtained in materially lesckmvoar^ oom- 
munities. Similarly, the spread of organmns by flies hmn foeces to 
food, although a potential danger in less satisfactory drcumstances, 
must rarely be imj^rtant in our community, whete tlm peak inddbooe 
of the disease occurs during the months of year vdien house flies are 

uncommon. Dysentery bacilli, bring excreOm in tile faeces, may he 
transmitted to food throi^h the soiled hands of a case or carrier, or they 
may pass from such sources to other individuals via inanimate ob}ecte 
such as door-handles, toilet chains and seats, pendk and crockmy. A 
comparative study (Hutdiinson, 1956) of the dissemination ta Sh. 
sotmei by cases rev«tied that contamination was heaviest in ^ im- 
mediate vicinity of tiie toilet pedestal, that tiie orgaxuSms named 
throi^ toilet paper on to fingers and that they could be recovered Irmn 
fingers at least three hours a^ these had bera contambwted. 

In summary, there is sufficient evidence to confian that* in Britain 
at least, bacilkry dysentery is a hand-to-mouth infection depetidiiig for 


its spread on p<mr personal hygiene rather than on low standaitis m 
community aervices, altiuK^ sanitary arrangoaaenis in many adioriB 
leave much to be desired. Whilst bacillary dysentery is uncoHEmnoa in 
the first year of life, the majority or cases occur hr the uader-5 agps- 
gniup; m recent yean, the increasing incideace in tin 5^ ytiate 
group has drawn attention to the rrie of prinmty SNhoitis m 
tin spread of dysentety. Males ate more £reqpieoe% infoCited tfom 
fema^ eEscept in tiie 1 5-45 yean gteiq>,itiien the bitmmity el 
benveen motW and suA riiud ensures tint women em snwei ekp ns ed 
to Mection, md euffier more commiaihr, titan men. 

» ff* rt.. as*. .. is i 


14 ^ 

Iteoi uadertadeen (Tee, 1955), but of end tite pttgSmMn 

aom ol one ^uge-type did not eoooiHra|e 

'Die abi% of Soxids etniiu to produce vaitotui wj^kSSk cdfidUei^ 
bae been xanployed recently for i^idemidlo^ porpOMS imdeaMoain^iu^ 
results have been obtained. Our experience rtf crdicine typing is 
entirely in agreement vrith ^e published account. Ilie method 
recommended (Gillies, 1964) is based on tibat of Abbot and Shaimon 
(1958). 

Media : 

1. For colicine production. Tryptone Soya (TS) Agar (Oxoid) 

is reconstituted according to tl^ manufacturer’s instructions and 
horse blood is added to give a final concentration of 2’5,per cent. 
Ihe medium is dispensed in Petri dishes. j 

2. For cultivation of Indicator Strains. Infosion broth ia used for 
this purpose. 

Teckmqtu'. 

The strain to be tested is inoculated by a single diametrical 
streak on TS agar and the plate incubated at 35° C. for twenty-four 
hours. The growth is then removed with the edge of a glass slide 
and 2-3 ml. of chloroform are poured on to the base of the plate 
and the medium-containing portion replaced. After ten to fifteen 
minutes’ exposure to the chloroform vapour, the residual liquid 
chloroform is decanted and the plate exposed to air for a further 
ten to fifteen minutes; thereafter the indicator (passive) str4in8 are 
seeded on to the plate at right angles to the origiiud growth line. 
Incubation at 37° C. for eight to twelve hours revew various patterns 
of inhibition of the indicator strains by the coUdnes in the medium; 
at least 16 colicine-types^qf Sh. somd can thus be identi^d, and 
these appear to be stable. 


Laboratory Diagnosfe 

The collection of faecal spedroens and their transootssion to the 
lab<»atory demands the same care as for specimens from cases of enteric 
fever. Specimens obtained by rectal swabbing are less reliable &an 
fae^ unless they have been taken expertly and cultured while still 
moist. The use of serum-coated rectal swdbs enhances tfieir value, 
but, in general, the use (tf rectal swdbs should be restricted to the m- 
vestifi^tmn of outbreaks in institutions where bfooratory fedlities are 
immediately ayai^ble. A further disadvantage <tf awab spedmens » 
that they prohibit macro- and microscopic examination of the sioel, 
whhh can be helpful in the difibrenrialdiagnouaolaetmlogtminaoafe 


» CcAidnet (bactmtoeam) ate natundlr OcCBf»% a a ti l i iailc odNaiiooaa (MMtsM 
iiy iiMif tKieixiwB of ilie Itmly iioiMiy A 0 ^ 0 ^ 



mOitU^T OYSCKtmiiV' 10 

lii0 ifoioiMI dn lb<$i ]^4iiioe4 'ttit 

or ii& lidbtiivM, 

sioA of or A Awc(^ jp^rtk»i of liie iftediitim will utua% imal 
eiA abuntdant and cba ya f^^ ri y bc aaiiiwta* TThm^ <* #1^ piMMt afc 

mo«tl3r {K4]m»orpli leucocytes with « vsnh^^niiniherof red blh^ o^» 
and in the early stages nuioesoua q^itlii^ ceOs. In addhion tUf thcac^ 
nwciophi^ are ftequendy a characteristic foduie cl the tited 

leucocytra, as a rule, show marked degenc«ition> 

Cmtivation . — ^If the faeces are formed it is essentia that tley he 
emulsified in saline prior to plating out on DCA asp inoculating a 
selenite enrichment broth; the latter is subcultured«dn to a fresh p&te 
of DCA medium aftw inoibation for l8->24 htmrs. If mucus is 
present in the specimen, it should be em|h}yed as an inoculom. Colonies 
of dysentery bscUU are pale or co)mmM after primary incubation on 
DCA, and at least three such colomes should M sdected for further 
investigation. Tubes of the following media are inoculated: (1) peptone 
water; (2) glucose, lactose, sucrose, and mannftol peptone water with 
phenol red or Andrade’s indicator and Duiham tube, and these 
incutHited for 12-24 hours. The peptone wtner is examined after rix 
to seven hours for motility of the orgsnimas. Alternatively, tests nmy 
be made using composite media whidr obviate the need ftu making a 
hanging-tirop preparatitm to study mouhty and is otherwise as 8atis<r 
fimtory as the first method (Gillies, 1956). 

Cultures with the biochemical characteristics of one or other of the 
S liigBllfl groups must have tiiieir identity confirmed by secologtcal 
investigation. If tiie strain is mannitol non-fermenting, it should be 
tested for agglutination witii the individual type«4^ieiS^ seta oom- 
priring group A, If the stoain ferments mannitcd, tiien it may be a 
member dP groups B-D and should be tested with polyvahi^ sera for 
fiexneri and hoyiU serotypes and witii a Sonne antiserum; in the cam 
of positive reactions with one or other of the pcdyvalent sera, the strairi 
is fortiber tested with tiie type-specific sera within tiie iMUtiatiar gioim<. 
Positive resold obtained by slide agglutination must be confiimM % 
the tube-dilution method to ensure that agg^utinatikm oocuis ft or 
beyond tbe stated diagnostic tide ci the particular mtiserum empoml 
SHde agglutination tests with cdonies pkhed dimetiy fmm mfgj^ i 
nostic plates may be used for making tarty presun^tive vmbal iwoatt 
befime lywH^irt airmg oonfirmatory biodaeinical and atmtit^mp ini* 
vestigitioiis* 

TmU nwtft &rmB.-<-43adb teats do lints Iwve 

the wtiue as tim Widsl leaiHdon in the enforic fovers, siMfiii fptd 
in cases fiwn whic^ the causative osguomm has betafi iaidpd4 tid 
pftliQtiiii'* icfiiiii ihiinii 110 bsKjiWittd 

conuwmd with sen fmm foxtawuet 

pi fe hp mm gifte 

8pectdems|iittiiwti^ , i *. * 

fm aw^allle W 



4 llXmCAI. MICSOBtOtdGT 

Onmp A. Individufll s|>eci&; wn fof type$ 

Group^B. PolyvaUsnt aertun. 

Individual aera for Pjrpe$ 2, 3, 6 and X Variant. 
Individual aera for typea 1, 4 , 5 and Y Variant* 
Group C. Polyvalent Bcqfd I (^pes 1^).* 

Pol^ent Boyd II (typea 7-11).* 

Inmvidual aera finr types 1-11,* 

Group D. S-R Sonne serum. 

Phase I (S) serum.* 

Phase II (R) serum.* 

* Available only on specie! request. 


dtemofoera^. — The value of sulphonamidea in tieatuig Sonne 
dyaente^ has diminished since, in Britain, the majoriQr of are 
now resistant to these agents. Streptomycin in aH<»qn»ff dosaae^vea 
satisfactory clinical and bacteriological cure, but inadagn aty »i^ gi« m 
t(» brief a treatment period allows Sk. somui to devebp resists^ m 
«wo. The tetracyclines ot chloran^henicol should be itseri^ for 

such cases; area laboratories can usefully dieck foe sensitivi^ of Sonne 

str^ and advise practitioners regarding foe emergence of atraiy^ 
resistant to one or other therapeutic agent. 

Pri^ylm^. — ^Tlttepidemiologyof bacillary dysentery in tenqterate 
climates implies that improvement in person^ hygiene, particuliucly 
hand-washing a^r defaecation and before handling foodstufis, would 
achieve much in foe prevention of spread. Childnm must be trained in 
roch elementary procedures, and adequate focilities must be prodded 
in schools and ofoer communal centres. The ada p *« Tion of 
hand-operated toilet-flushii^ systems to foot-operated tiMi<»haiiiam. 
foe installation of similar mechanisms for manipulating toilet tfs tir 
w^d eliminate foe handlii^.of structures which act as vehides of 
infection. The replacement ot roller-towels with dispossble paper** 
towels or continuous-fe^ roller systems will enooun^ hand-washing; 
b^ th^ and wash-basins must be in foe same anneve as foe toilet 
ofoov^ foe l^dlir^ of intervening doors will ddeat fodr purpose. 

Smphonamides have been administered prophyla^calfo m 
OMim^ty outbreaks, but with little advantage; in mainr r^rts irf 
Surat trials im mention is made of whether the (qiideniic strain was 
tested for sensitivity to foe drug. Since the mi^tity of Smine ttndna 
TO resistant to su^honamides, it ia not soi^riaing that thi^ ranploy. 
mrait m prophylaxis rarely been auooead^ 

In arro where toilet focilities ate primitive ot ami-exiatent; jifl Wi M y 

^ latrines (w chemical tdlets will ledtme foe 

W^woooa 01 inioct-boitic modes of spread snd 

%-wos^ tedimquea may be applied to domestic and ofoer piniiidTO. 
dpcctpc vscctnes hnvc no pxophylsctic vidne* 


Antigeiiio lUilntioiMl^pt bk 


t' , 

ll3NfBltO«ACT£RlAI»Air 

(O) tftd mg/iSkK (H^ isf%eiu, t.g* in wiboiwm. , 

However^ ootak kin£ of ititfue antigen nuiy ht pnMlai; 
some «!« awQcSated nrii^ mor^bokwkal featuim of ^ 9^. 

capsutar or envefope K antjanoa of Kaufoann (19S4) A, If m^Ti 
«^)aiMlfti]]Ma}aotigetui^tU^ l^8)i«|^oAein,«ncii 

as tlie « antigen Stamp and Stone <1944) and the 
(1949), are not diaraeterised morphfl3ogic8%. Sndb ant^pip 
cause difficulties in serok^cal idendficadon ti the bactept ej^Mir bjr 
covering and mashing the O mttq^ea so that the bat^ are llti^ludnabto 
by O andbodka or by produdng non-specific cross jtdicdons because 
of their presence in otherwise unrelated organisms. 

Purnrui mitgeta . — ^Tbese are bcnme cm fimbriae and have been 
found in Esch. eoH, Sh.flexHm, Cl. ehtum, KMtkih q>ecies, <Sb&wMi- 
ellae, Proteus and Ps. pyocyamo (Dugffid & Gillies, 1957; Duguid, 
1959). In many species fimbriadon is a variable state; aerial aembic 
cultivadon in fluid media selects a fimbriate nnitant while the non-* 
fimbriate mutant is selected by serial culdvadon on nutrient agar pistes. 
Fimbriae can be demonstrated only by the electronomicroscD^ but 
their presence is associated with haiemaggludnadng activity and their 
absence with lack of such acdviQr, so t^t the demoruttration of direct 
bacterial haemaggludnadon (cffien specifically inhibit^ by 2 per cent. 
D*mannose) aflbrds evidence of fimbriadon. 

Many Esch. coU strains remain partially fimbriate on agar ami dudr 
fimbrial antigens may give rise to non<specific reactions; K antigens 
occurring in such strains have some general reaemblaoces to fimbrial 
antigens in thermolability, anatmnical locatkMi and liriiSity to mash 
the O antigen and confer relative scunatic ini^utinabil%. 

The main differences between die three types K antigen are: 

L antigens do not combine with L antibodies after heati^ at 100** C. 
for one hour, whereas A and B antigens retain ajs^utibmrltioiMr^ 
capacity after sudt treatment 

Strains possesung L or B antigens become O aagfotimible riter 
heathy at 100** C. for one hour, but tiiose witit A an^ena remain in* 
agghitinaUe in somatic antisera after heating at lOO** C. for two laid a 
faw hours. 

Ibo sntknte<tiiy of the L tt destroyed by hentifi^ at Cm 
one hour ana that of the A ant^jens is i»dy reduced. 

T^e ate particular differences betwm L, A aitd B ttstiftei tea 
die one hand, and fimbrhd anthem on rite otiuai tiMteiuwiteBiiimli 
the tabte (ms JNfB 24fi). 

11m rapi4 Iteiteiy flocinflar ttatumtdfopltiMagil^bntina^ 
it ti tbb* to witit <*■#***■« ww iiiti wHtiwy m m 
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|a$ xM>t been detected in jfodbtiete gteiaau ew^ te fdt 

occura in some ndn-findtriate iqjecies, <5%. dj| 

more, oc and jS antigens are not sub^m {Medictidw vaiamimitt a|ppear<^ 
mioe and disappearance under dimeient cultanl otmditkms. 

The X saioMmella antigens (Toplejr dc Ayrton, 1924) are 
similar to imd>rial tmtigetis in titennoubiUty, trae of ag^utinatton, 
variabdiiy in differing cultural coxiditbns a^ in occotrii^ as pre- 
cipitim^ens in the supernatants of cultures heated at 100° C. 

Activity and SUdnHty of Superficud Ani^ms of 
Enterobacteria (tMdi nuty mask tie O antigen) 


Treatmmt of 
badlU 

Antigens 

L A B H F 

Living or 

O'S per cent, 
formalin 

L -#- + 4" 4* + 

2. 4* 4" + 4* + 

60° C. /I hr. 

1. ± + + + + 

2. J. + + + + 

1 - !!! 

100° C./1 hr. 

t 1 

i 1 

1 + 

+ + 

1 1 

e4 

50 per cent, 
alcohol, 

20 hr./37° C. | 

1. - + + - X 

2. JL . . + X . . 




-f »unaiI(M^; 
X^teduced; 
X^fdnuoftt dimimted; 
^ «s abolished; 

, . snot tested. 


Difficulties in Diagnostic Serokgy caused by Fmbrial Antigetii.-^ln 
homok^ous antiserum containing O and ffmbtial s^faitinins, the 
agglutination of fimbriate bacilli is munly due to fimbriu antibodies; 
somatic ^glutination reactions are obscured, since fimbrial agglutina- 
tion occurs more rapidly and is loosely ^>ccs^. 

Among the shigellae, fimbriae frequenffy occur but tmly in <Sh> 
fiessaeri serotypes la, 2a, 3, 4a, 4b, 5, X and Y ; the fimbrial antigens 

in ffwseQrpes are identical, irrespective of OscroQrpe. It is in^porwft, 
tiiereline, when undertaking i^tification of the O seitM^ype of a 
iSSA/bsMrfisohte, to avoid fimbrial agglutinatkm. This can be ensured 
by uring bactllat^ suspenrions ffiat are devoid <ff finbriae, eiffwc by 
aerial aerobic culttvatkm on wdl dried agteplalto to adot ano aHto^^ 
|b*se bacilli or by dcfimbriating the siu^pMialoiti by bnStiiif at lOl)* C 
toSiMved by centtift^^ation to huvest the d efiBab l i wed oaSs. ' 








la axiNraul datgaostic la}i4ttWK»y ii ki mUSa^ ttaoh 

diiNiMkM> be eaiQl»iatei«4f ikm % {ipocidiiiiee ol liMaA m. 
solid media and sdbculdvadon on agar peior t& aeiaiogMad 
u8ua%en8amtlaniii%.^mim'isiadM(imn'4tabiiamj|^^ 

An additional aa&guard would be tbe oie of diag^oetu; tjffkts ama 
free from inunune and natural fimbrial andbotbea; audi aera noom be 
prepared by ab8or|>tion widi a findMriate cubme qd df 

heterologous O serotype. However, the use rMob sani 
not completely answer the problem, dnoe ip, nmih&nbrid aiwnara^ 
don of test suapenaions mmks somatic ag^ttaadon to,# gt M o r or 
less degree. , 

Suspensions used for the preparation of dugnosd#'^, jHemeri anti- 
sera in rabbits must be non-fimbriate; even ^en, since the miyo)% 
of rabbits possesses E$ch. coU fimbrial antibodies which may cro8S«<react 
with th^ of Sh. fiexneri, agglutmadng sera may contain fimbrial 
antibodies. Tests on pre-immunisation bleedii^[s will allow selectkm 
of animals whose sera do not contain fimbria! antibodies ; altenutively, 
the fimbrial antibodies may be absorbed with a fimbriate strain <# 
heterologous O serotype. Sera containing fimbrial antibodies for Sh. 
flexneri do not react with fimbriate strains of Salmonella, Proteus or 
Cloaca. 

Another circumstance in whidbi fimbriae and fimbrial antibodies can 
cause confusion is in Widal testing of human sera. Fimbrial antibodies 
have been noted in the sera of hetithy persons and such sera have been 
found to react non-specifically in tests with diagnostic suspentitms 
salmonellae if the latter are fimbriate; sudi anomalous serofog^cti 
findings are uiuelated to the patient’s condition. The use of standard 
agglutinable suspensions which ate non-fimbriate or at most not mote 
tfom poorly fimbriate, will prevent the occurrence of such non-^^edfic 
reactions; salmonellae subcultured firom agar to broth and incifoated 
for six hours show maximum fiagellation and minimal findbriation. 
The source of fimbrial antibodies in healthy persona may be frmn the 
commensal co&‘ in the gut or as a result (# past infoctiona with 
fimbriate Sh, flexnm or aalmmteUae. presence of fimbriae in scm^ 

TAB au^Mm^ns may explain tiie presence of antibodies in indi- 
viduals receiving iiyections of TAB vaccines. 

In sudditton to direct examination oi auqxaisiotu by dtaattbor | 
microscopy, two other methods oi oontroUing produetfim wet tvafitible; 
nsmefy, testing for agglutinability with pure fimbrial antfoarim and, 
abo, a simple haemag^utination hsst for the presence cl firtixritie, 
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CaiAPTER 18 

i 

SSCHEKICHIA COLI; NUyiVlIS 


TiiB members of tbe ]&iterobacteriaoeae to be (xmsfa)#ed in «iA 
the fbUowmg chspter have been the subject of nthcdi MM M 
as their dassi&ation is concerned. That used hem is g^v«nlh||iiy^ 


Group or 
Genus 





Features 





Gas 

from 

Glucose 

Motshty 

Indole 


V.-P. 

M.-R. 

Citiate 

Eschenchia 

im 

mm 




+ 


Aiktlesoens- 








Dtspar 






4* 


Citrobaeter 



— 



+ 

+ 

Klebsiella 



— 




4“ 

Cloaca 







4- 

Hafhia* 

B 

B 

Hi 

Hi 


Hi 

4- 


* Results when tests sre performed at 20"^ C. (see p. 259). 


ESCHERICHIA COU 

Morpkokgy and Summg . — Identical with sahnoneUa i^iwctCB; most 
strains are flagellate and fimbriate and a few aqisuhite. 

Cidtured Clmactar$. — GenemOy similar to salmonella species 
although on nutrient agar, colonies are rdarively larger and. mme 
opaque than the latter. 

MadZkmkey’s niedium.-«-Colonks are rose^pink on aooeuai ef 
lactose fermentation. Strains of Ettk. coU grow poorhr. if at aU» <m 
DCA medium on whidt they also produce piak, hut smaMcaf md 
opaqw oolomes. 

JBMumkal have been leforaed to in the 

and it wUl be noted diat inemboa <dtiw gemis &dbmftfeh^ 
reaemUanoe to those in the AVudetaau*&$par (A^rO) gtm# enbepd 
that latter are never motile and never produce gaa in 
tkm reaetacHui: the two groutM am dso dkisdy fdaied 

dMf^jwne Ommtm.—iTi addition to O and H a f i ^ a iW h dbi 
nmjoilty (d eommonfe encmmteied £kA, mi atitdanpoag^ 

The term K antigen deacsiba conecrivt^ a 

1^ A hr E on the bMfe cf fdiylfed dw ii|t lipii^ 

andgem wjhidt ocn» as cAvde^ <xr 

ti<mof IhdimstmiiisibytliekhQiaQlQ^^ tlftadtoNM 

of the K Kotigemi ood tfadr iOe^(^Madfho.oiJdf 

dllw Miupl ll iWWy ily WHI 
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gentis. The pothog^^ mmy etndne oi £lt«sft. &M b tnlgtod to 
the poesmion of K anttgc^ 

tMltegwiebbu— <»&' etouni ptodmomute mnoog the waroblo 
comeiunl organisim) present in the heelthy got. Sefoioghail stodies 
have shown diat the types present ate not numerous at any one 
examination but ^t over a period of time ^ coU tj^pes flucmate; 

types persist over rdativ^ long periods of time, wheteas others 
aie quite transient (Wallick Sc Stuart, 1^3; Sears it tU., 19S0). 

Th^ organisms are also incriminated as pathogens. They are 
found most frequendy in pyogenic infoctions of ^ urinary tract 
(pyelitis, cystitis, etc.) either in pure c^ture or mixed with foecal 
str^tococd; they also occur in appendix abscess, peritonitis, chole- 
cystitis, septic wounds and bed-sores. 

I l^iotype distributit^ studies (Vahlne, 1945) reveal thht strains 
isolated from pathologi^ material usually belong to a relattvely few 
O groups and the majority are 0-inagglutinable due almost ^vansbly 
to the possession of L antigens; by contrast, strains iso! from 
healthy faeces are distributed over many more O grou^ only a 
minori^ are O-inagglutinable, and this is due to the presence of ^antigen 
in only 50 per cent, of such strains. 

In contrast to the finding of numerous O groups of Esck. coU present 
in a specimen of healthy faeces, testing of numerous colonies from the 
urine in a case of cystitis usually reveals that th^ are all of foe same 
O group; such serological homogenei^, alfoough to a less degree, 
is noted also in peritonitis and cases of appendix abscess. The ii^- 
tions mentioned above are of an endogenous nature and foe aenolt^c 
role of Esch. coU had long been accept^ before adequate tedmiques of 
serotyping had been introduced. 

llie suspicion that Esch. coU might also be capable of causing gastro- 
enteritis particularly in infancy has only been amfirmed as a rnult of 
recent serologic evidence. The pathc^enic role of oeitain coli types in 
infat^le gastro-enteritis was first emphaused by foray (1945); this strain 
iBaiaiwknownas£!ccft.{»&*0 111 andin common whhofoerenteropafoo- 
fodc types {e.g. O 26, 0 55, 0 119 and O 128) it possesses a B <£ 
Kantigen. 'nieantigenicanalysi8offoe8etypesi8di8Cus8ed<Htpp.245-46. 

In foe veterinary field also, Esch. ceA’ is a recognised pafoo^; 
csreful and protracted studies in Sweden (Wramby, 1948) reveded foat 
in calves dy^ from “cdi-septicaemia**, conqnred with healthy ofores, 
foe difibrmces in tjrpe distribution and foe rdative fretpiendbs of 
0-inagg^ufouble strains was analogous tq. those in simihr sttnfiies m 
man {vide svpre). 

‘ Ekh. coH is associated with foe condition of udute sooms in ealves; 

enteritis in mastitis in cows, uterine tnfoetaoQS in bttchM 

noeariomd abortion in ewes can also be aforSniled to tibm 0tgnii*in>< 
Hyalite’s ^ea8e-4 granulonuitmis otmfoticMi MawnWimg fifoetenloBis 
em obcurring in poultry may be caused 1^ eiMpm typm qf 

l li p id « a ml<d rqy.----TTie essentially eadogfatoiw mismvimmgykiikie’ 
tiens eqused by Each. eoU has alm*^ bedn memfoiwd} 
dsqgraiow iafoction of foe tnrinary tnntmyrK^ 


s. ieoii.t mvEiSTtoifs 

intt'odtiOMi iamitAi, 

ioftaiiixioi ilittt initraiwois nujr |n»e bma iiMiii»}Hii^ atadtei uf 
insi^idM! care tdiieii k ifce {we«<)pef»ttv« deammg «f Iks i||r 
the op«*Mw» ' 

In ga8tn)-«nteritk the majoi% r^ortod 
anumg k£ifit» under 18 aurndts of age; tbat ilie pakogattkb^ ei audk 
Esdt. ak' ainum » not neceaaarily so leatricted ia thofMk 
enteritia in adult liOB{ntal patietita (McKaug^ & IkaDenauiav ]|iili|iiinii 
of evperimentaUy indued infeckma in adult iftluiilieen It 

June, 1952; June at of., 1953), witoae amt ahowed 
^)ecifio aatibodiea after recovery. 

AxtificiaUy«fed babiea are mu^ more Hkdiy to iMtiafeoted tlian ttmac 
fed naturally; the aourcea of infectkm in babiea are both caaea and 
carriera of the infection and aptead may occur by contaminated femitna. 
Contamination cd the milk-bottle or introduction of the organtanu 
into the milk-feed durii^ its preparation will ensure iii|e8ti0n and H 
the feed has been prepared some hours bdEmce, tiie odg^nud inoculum 
will have the opportunity to multiply to a greater or leaa extent dependp 
ing on the conditions of storage. 


Laboautory Dingnoaia 

In film preparations from pus, urinary sediment, etc,, stained by 
Gram’s method, Esch. cob' can be recogni^ as Gram-negative badlli 
but indistinguishable from any other member of tiae Entercmacteriaeeae. 
Specimens are plated on to blood-agar and MacConluy’s mediimi; on 
the latter, Esch. coU yields pink, lactose-fermenting eoloiues, and if 
confirmation of its identic is requited then the reactions listed in idw 
table (p. 249) must be tested. 

Idm^katum of gastro-mtaiEs^poiudsig rfraott.— <-%echpeoa of 
faeces submitted from cases of dianhoea vw alsp be eamittked Ibr 
sahnotidlae and sh^iellae; since Esch. cob usually ^ aat grow or tiwi 
hiribly selective DCA m^um it is ess en tia l tfam tile less inhtilliloty 
differmtial MacCkHikey*8 tnedium should also be inooclated. AldbOdt- 
agar plate should also be m oc ul a te d ll|^y witit faSces ajact, on oeeo* 
sion, ^ootii appears on this medium ohen tiie e n ten ^ ti k giWlfe 
cob strsia cannot be idmtified on the pandlei Ma<<>»ht^ 
furtiier, it ia easier to avoid contammanta whoi wdteutoifiBgf frawdimi 
blood-agar taedmm. 

After incubation for 18-24 hours, the blood-egsr aasd 
media are examined for oahnaoes of cob; imos 
Mhos/mdis do ftoi di^fht^ Id OMi&NUieo la SA gr jddiNlfif ^ 

frmc4k0 eob ffrOMi it kessential ti«t at leaitlbutMkte 
to serelegjM ISykie teite M» 

OQwSs^ A lldiihrillilt It 

then filthy hMlt ate^Riaiile ttifii titelta^iifrlML 
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8m ovaSable ^ Stmdutit ]it« * 

Pofy<raknt Esek, toM wmex ctmtnolag lucHow O 26, O 55, 0 111, 
O 119, O 127, O 128, flad tiiek rebted B jaesliiriinlMi. tW 
specific sera: 026:B6; 055:B5; 0111;B4; 0119:B!4; 
0 127: B 8; O 128: B 12. 

A modified MaeCoab^ i^r medium (R^ppaport fc Hea%, 195^ ia 
wh^ sodfitol is substfiated fox lactose, has Men used fior tbe diobr*' 
entiation of serotypes O 55: B 5, and O 111 : B 4, since it was coiqk 
sideted tbn fresh isolates of these sootypes did not fetment loihittd 
and theiafore gave pale colonies on this medium vdieteas many <^ier 
Esch. eoU types fermented sorbitol and wlded red ootenies; this 
disdnction is by no means complete, and the only dicumstance hi 
which audi a medium should be empbyed (in addition th the usual 
me^) is in die search for further cMes and carriers in an outbreak 
where the epidemic strain has been diaractetised fiilly and is a sorbitd 
non-fermenting strain. \ 

Omnotitorapy. — Since there is much variation in the setBidvity of 
Etch. coK strains to die commonly employ agents, chenmtherapy 
should whenever possible be guided by an in vitro assessment of ^ 
sensitivity of the pardcular strain. It should be noted that the presence 
of pathological changes e.g. renal stone, bladder diverticulum, hyper- 
trophied prostate, may prevent the eradication of Esch. eoU from the 
urinary tract even although the infection is treated with a chemo- 
therapeutic agent to which the strain is highly sensitive. 

Fropliylsads. — ^Tbe prevention of infectiosi by Esch. coU in munds, 
etc., and in exogenously acquired urinary infections depends upon the 
provision of properly steriUsed dressing and instruments, thonnigh 
ddbridement of wounds and preparation of patients and attendants 
before operation or wound-dressing. 

The measures taken to prevent the ^read of gastro-enteritis ate 
those applicable in otiier typU of bowel iidection. The preparation of 
feeds and deansing and sterilisation of feeding-bottles donands con- 
stant cate and attention (Report, 1953); the mother must be instrueted 
in pers(Hial deanliness aW urg^ to wadi ha hands before prqiariiig 
a feed. Whenever possible, eiudi feed should be prepared inunediatdly 
before it is requited, and if storage of prepared fe^ kt unavddtd^ 
the cmitainer should be carefully wrap^ to prevent accidental ocm- 
taminati<m and uonecessaty handlii^i Some fenn of temiinat heat- 
treatment of feeds for babies in hof^ital is to be recommended. 


FRQTEUB 

Menfoers of the g^nus Pfotais are widcty dfettfouted tiiSOtt|||||hiiMit 
man’s environment and can be detecmd in sewage, md on garden 
vefolables. Thty' am found in dm fomea of hitler aainufoimd than, 
ai^ may iteptesmt in large rnunbemfollawinibowidittfecs^ llidr 
fmitionfoip to varfoua diseBse praeemei ia deafe widt laM*. * 



''3Sg| 

;»va^ nlMtib villi 

Cmmi CWae6rr.«-~Aelrob^ md &cuk»iiw MuVKDliNe; |pnp#s ffttH 
It 37** C. Oft iMrdinuy niei^ Agli«ngB«Biift»lo<^ 
able. Obn<^ti«tioi%, discrete adooies uee seen oofy k dw cidiest 
itages of iocubation, tteiealter a dun Ateaof ^wth e»Kftd»x^^ tbe 
»}1^ and n^iidfy q»eads aU over the availd>le«iadKftof tjv ili«ij^iiift{ 
during this iqneading or swarming phase, tibe bscidi ate dhlMllMpM 
ally long and slender and these are replaced hjr short fornilMlM 
aumce of the medium has bem covei^ / • 

Swarming tends to occur in successive waves so dsilC edtimiMdy a 
plate inoculated at one central point dhows a series ofieonoKittic rii^ 
of thick growth between which there are smooth tnuuhicettt areas td 

spreading growth. Swarming is associated with active motiliii^dlhaufdi 

its cause is not clearly establidSMsd; noftHtnodle mriama do not Muead. 

BioehenUcal ReacHotu. — ^All members of the genus feimmit 
but have no action on lactose; four biochemical types can be recognised 
as indicated in the table. 


Substrate 

Pr. vuJgaris 

JfV. mirtAiUs 

1 

r 

Pr.rtl^giH 

Mannitol 

4«. 

•wi 


X Ot 4* 

Maltose 

+ 




Gdatin 

+ 

+ 

— 

_ 

Indole 

+ 


+ 

+ 

Citrate 

•M* 

•* 


+ 


Key: Fermentation reactions; «i-3aacid and gas; J.»ao3d onlv; 

Other reactions: ^ mliquefoction of gelatin, produciioii cl indcde or 
in citrate medium* 


It ahould be noted that, with the exception of Pr. rttlgtri all HfftidM 
usually produce gas; strains of l¥. rtt^eri are fcequendy anasaofVMft 
The ability ol Proteus strains to d^mpose urea rq>K% haa hpaft 
used aa a test to differentiate them from other enterahacteiinoeaei 
urease activ% is also displayed by most Klebs^hi strsins and % auoaft 
strains of &cheiichia and Oltndwcter ^pecies^ WbOst the idMttaee «di 
urease activity in aahnonellae and dii^dlae tdhnm their dwtiftctitlft 
from Broteua fat diagnostk {nuposes, * moie tiae&d and icwife apeGifift 
test ia the ability cl Pzomui to tratudcom {dtenyhdanioe in plMatfl* 
pyruvic aod; no othmr^membeia of the fatnSy iBafhifthnihnihM 
possess audh activiQr (Hennhsen, 19$0)* ; t 

Tie pfm^^^yrutie aeid (194) raacl&M« Una la m 

foliowt: • i 


Tp CbS of a datwHt athpaodbft oaggalahii giGf l.. 

g4ll 0*5 IflI.r. JMSf [1^|^^l.nJal||^^ 

add I of flMM loimk* idd ittid 
(VI iff ytyL m, S& ftiMi dawidte 
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HsSOt until the colour dianges from ydlow to pink. Add suffioinxt 
(NH 4)2 SO 4 to ^turate the solutionand then 5 drops of half-«aiinated 
FeNH 4 (S 04 ) 2 . Shake thoroughly and read the results after one 
minute. Positive reactions are designated + to -f + +, depenchi^ 
on the intensity of green colouration devdoping in the fluid. 
Antigenic Chartu^s.-^h. diagnostic antigenic schema for Pr. vu^aris 
and Pr. nnrabilis has been established and comprises 49 O groups, 
which can be subdivided on the basis of H antigens to allow 119 sero- 
t 3 rpes to be recognised. Similarly 57 serotypes of Pr. morganii and 45 
serotypes of Pr. rettgeri have been recognised. 

Much attention has been given to the a^lutinadon of certain 
Proteus types by the blood serum of cases of tjrphus fever. This re- 
action is employed as a diagnostic test (Weil-Fdix reaction); the 
Proteus strain X 19 which is employed in the reaction is biochemically 
Pr. vulgaris and the reaction is dependent on the specific p antigen 
present in this strain, which has no aetiological relation^p to t^ disease. 
The Weil-Felix reaction is explained on the basis of a common antigen 
shared by Proteus X 19 and the rickettsiae of typhus fever (p. 489). 

Another Proteus type designated XK (biochemically Pr. miraUHs) 
is agglutinated by the serum of patients suffering from the disease 
“Scrub typhus”, occurring in South-east Asia and the Far East. A 
diagnostic agglutination test similar to the Weil-Felix reaction is based 
on this antigenic relationship. 

Occurrence. — The majority of strains isolated from pathological 
specimens and human faeces are biochemically typical of Pr. nnrMlis. 
The specific relationship of Pr. morganii to summer diarrhoea of infants 
is still in doubt, but it is recognised that, along with other Proteus 
species, this organism is often a concomitant of shigellae, making its 
appearance in the stools as the case improves and the d)rsenteiy bacilli 
become scanty. Secondary^ infection of wounds, bed-sores, etc., is 
probably endogenous in origin; although such a source may account 
for cases of cystitis in which Proteus is incriminated, there are many 
instances in which exogenous infection takes place following diagnostic 
or therapeutic instrumentation. 


Laboratory Diagnosis 

The spreading growth of Proteus strains on media such as blood-agar 
is sufficient for identification in routine diggnostic work; the disadvan- 
tage of this characteristic is that other organisms when present may be 
completely overgrown by the spreading growth and their subcult' 
tion for purposes of identification and antibiotic sensitivity .testing 
delayed. Swarming may be inhibited by several methods; dnerete 
mlonies of Proteus can be obtained on a blood-agar medium by 
increasing the agar concentration to 4 per cent.; sim^arly, inhibition 
of swarming may be obtained by incorporating chkmd hydwte 
(1 in 500), sodium azide (1 in 5000) or one of the sulphoiUBinde 
drugs (Hoim^ 1957). Desoxycholate-citrate agsr inhibits swarttiinS 
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aiid» provided that the other oi^^anisms present are capable of giiowing 
on this medium^ its use in allowmg separation from Proteus species is 
valuable. 

If necessaryi the biochemical type of a Proteus strain call be 
determined as indicated in the table (p. 253). 

Chemotherapy , — Proteus infections, e,g, of the urinary tract, may 
respond to treatment with dbloramphenicol, strqptomycin and the 
tetracyclines; chemotherapy should whenever possible be pdded by 
in vitro sei^itivity tests, since strains vary markedly. As in the case of 
Esch. coK infections, structural or pathological abnormalities impede 
the eradication of organisms and in many instances* although the 
original infecting organism is eradicated, l^ere is olten replacement 
with some other species. 

Providencia {Proteus inconstans) 

These Gram-negative, motile bacilli are closely allied to the genus 
Proteus; they alone among the Enterobacteriaceae share with Proteus 
species the ability to deaminate phenylalanine although only rarely do 
Providence strains decompose urea, and they never exhibit sprea^ng 
on ordinary agar. They occur in normal faeces and in urinary tract 
infections. Providence cultures may be allocated to one of two bio- 
chemical groups depending on their ability to produce gas from glucose 
and their action on substrates such as adonitol and inositol. 

For details of biochemical and serological characteristics of this 
group the publication of Ewing et al, (1954) should be consulted. 



CHAPTER 19 


OTHER ENTEROBACTERUCEAE 

The Alkalescens-Dispar Ctoap 

In Chapter 16 it was stated that, although a classification of Entero- 
bacteriaceae was essential for practical purposes of diagnosis and 
epidemiological studies, the bioc^mical and serological interrelation- 
ships of members of the family do not allow all cultures to be assigned 
to one or other genus. The close relationship of many Arizona strains 
to Salmonella is paralleled in the case of the Alkalescdns-Di^r 
(A-D) group whose members bear close resemblances, both biochemical 
and serological, to Escherichia ; apart from their lack of flkgella and 
motility and their failure to produce gas in fermentation reactions, 
strains of the A-D group behave very similarly to Escherichia strains. 

It has been shown also that the O antigens of the A-D noup are 
either identical with or bear strong relationships to Eschenchia 0 
antigens (Frantzen, 1951); similar findings have been made with 
regard to the K antigens in the two groups. 

Because of this very close similarity it has been recommended that 
any future cultures with the characters of the A-D group should be 
ch^ified as anaerogenic Esch. coU; thiis the A-D group will not be 
extended beyond its present limits. i 

The first description of these organisms was in 1918 (Andrewes, 1918) 
and their relationship to cases of bacillary dysentery was mooted; both 
Alkalescens (lactose non-fermenting or late fermenting) and Dispar 
(lactose-fermenting) strains occur in normal faeces and ^ir presoice 
in cases of enteritis (in whUlbh recognised bacterial pathogens cannot 
be found) is regarded as incidental. 


Citrobacter freundii (Eacherichia fireundii) 
(including the Bethesda-Ballenqi group) 

Members of this group can utilise citrate and produce H^S; a further 
feature distinguishing them from Esch. coU is &eir ability to grow in 
Moeller’s KCN medium. Indeed the Citrobacter group are much 
more closely allied, biochemically, with Salmonelh and Arizona, 
although the inability of the latter group to grow in KCN medium is a 
valuable differential feature. Although certain members have been 
suspected of causing enteric infections, their aetiologic rdationship 
remains to be establuhed. At present the importance of CtY. frmtdo 
^>ecies lies in the fact that many indole negative strains attack lactose 
slowly, if at all, so that their colonies resenible those of sahnoimBae and 
khigellae. l^ir motility, however, rapidly resolves any oonfumin with 
ah^ella ^ains, but many bear a dene resemblance to salmons^ on 
biochemical testing; these ate the members whidi comprise the 
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Betbesda-Ballerup group wd they have been shtdied more intensively 
than other Cit. framdU species which attack lactose prompdy. 

False-positive reports of salmonella isolations and the deh^ in 
issuing negative reports attending tiie establishment of idmtity of 
lactose non-fermenting Cit. freundii strains can be elimmated by using 
the KCN test; salmonellae fail to grow in this medium whilst Cit. 
freundii cultures flourish. 

Certain extra-generic relationships are recognised with 0 ’tm tigeos 
of Salmonella and Arizona serotypes, but these need not ocoatoon any 
great difficulty in identification; n^erence to Kauftnann’»(1954) mono- 
graph should be made regarding the serological characteristics of these 
organisms. The fact that the Vi antigen of S. typhi is identical with 
that of a Ballerup strain has already been noted. 


The Genus Klebsiella 

Members of this genus conform to the definition of the family 
Enterobacteriaceae and are, without exception, non-motile. They 
differ from the groups already described in this chapter by generally 
giving a positive Voges-Proskauer reaction and a negative methyl-red 
reaction. The genus includes strains of parasitic and saprophytic 
origin, some of which are given species designation while others are 
characterised solely by their antigenic formulae. 

Klebsiella aerogenes (JB. lacHs aerogenes) 

Morphology and Staining. — Gram-negative bacillus varying greatly 
in size — 1-4 fi by 0-5-1 fi. Non-motile and non-sporing. Most 
strains are fimbriate. Capsulate both in the tissues and in artificial 
culture and produce an abundance of extracellular slime so that their 
colonies are mucoid or viscid. 

Cultural characteristics . — Colonies are large, raised aiui viscid; 
on MacConkey’s medium the majority of colonies are pink due to 
fermentation of lactose. 

Biochemical reactions . — In addition to the characters listed on p. 249, 
strains usually produce gas in lactose and sucrose. Characteristically, 
strains hydrolyse urea but not with the rapidity or intenuty display^ 
by Proteus strains; their lack of motility and inability to d e a min at** 
phenylalanine serve to differentiate them from Proteus. A detailed 
account of biochemical reactions can be found in the publication by 
Edwards and Ewing (1%2). 

Antigenic characteristics . — ^AU smooth forms of KL aen^eaes poaaeaa 
0 antigms; in addition, capsulate, non-mucoid smooth forms poasos 
a K mitigen; non-capsulate, mucoid forms possess an M antig^, and 
mucoid and capsulate forms possess both an M and K ant^licn in 
addition to an O antigen. Similarly, roug^ forms may possem only R 
antigens, or in addition one ox other or both M and K anti^|;ens. It hoe 
been shown that in any one strain, the M and K antigms are idootical 
(Edwards and Fife, 1952; Wakinaop, Idnuinda, 1^^ 

the frequent presence of ^ese antigms and their t tt arid ng qf O isd R 
R * ’ , 
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WHnatic antigens dictates the use of capsular antisera in ty ping pto. 
cedures. By this method the genus can be divided into at least 72 mto- 
types. 

Occiorewe.— The majority of isolations are from saprophytic 
sources such as water supplies. The commonest site in man from which 
Klebsiella strains are isolated and fulfill a pathogenic role is in urinary 
tract infections; such strains are usually of capsular types 8, 9 and 10. 
Other strains occur as commensals in Ae intestinal tract of approxim- 
ately 5 per cent, of healthy persons. 

Two species {Kl. pneumomae and KL rhinoscleromaiis) can be 
defined within the genus by biochemical activities and a third species 
{Kl. ozaenae), intermediate in biochemical behaviour, may be recog- 
nised. I 

Klebsiella pneumoniae {Friedlander's bacillus) i 

This species is responsible for a small proportion (less thin 1 pgr 
cent.) of bacterial pneumonias ; its importance lies in the higl^ fatality 
(SO per cent, or more) among cases in which it occurs. \ 

Kl. pneumoniae strains belong to serotypes 1 and 2 and have the 
general properties of the genus. 

Klebsiella rhinoscleromatis 

Cultures of this specif, belonging to capsular serotypes 3, 4 and 5, 
contrast biochemically with Kl. pneumoniae in being anaerogenic, failing 
to ferment lactose, giving a negative V-P and positive M-R rkction 
and not utilizing citrate; Kl. rhinoscleromatis is associated with a chronic 
granuloma, rhinoscleroma, which is prevalent in south-eastern Europe; 
the bacilli are situated intracellularly in the lesions which occur in the 
mucous membrane of the nose, throat and mouth. 

Klebsiella ozaenae 

Such strains are not confined to cases of ozaena so that its causa! 
relationship to the condition is in doubt. Biochemically, Kl. ozaenae 
strams we intermediate between the Klebsiella species described 
above; they belong to capsule types 4, 5 and 6. 


Species 

Glucose 

Lactose 

V-P 

M-R 

Citrate j 

KL pneumoniae 

+ 

+ 

+ 


+ ! 

KL rhinoscleromatis 
KL ozaenae 

1 

lor + 

lor + 


+ 

+ 

^ 1 
^ i 


The Genus Cloaca 

mcorporation of Aoro. aerogenes in the genus 
Klebsiella it was necessaiy to define the position of strains previously 
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designated AtnAacter cloacae. This has been accomplished by resur- 
recting the genus Cloaca, of which Cloaca cloacae is the type species. 

Members of this genus are microscopically mdistin gnjahahle |rom 
other Enterobacteriaceae; they are seldom capsulate and frequently 
motile, flagellate and fimbriate, and their ability to liquefy gdatin is a 
further characteristic assisting the differentiation from Klebsiella 
Species. 

More definitive studies, both biochemical and serolf^cal, are 
required to clarify interrelationdups with other genera of Bltero- 
bacteriaceae. Members of the genus Cloaca are widely distributed in 
nature and are commonly encountered in water and grasses; they are 
occasionally isolated in small numbers from normal faeces but are not 
regarded as padiogenic for man or animals. 

The Genus Hafhia 

Members of this genus are probably non-pathogenic for man; their 
interest to medical bacteriologists lies in their ubiquity and similarity 
to other lactose non-fermenting Enterobacteriaceae. The temperature 
at which biochemical tests are performed with Hafnia strains has a 
marked effect on the results; tests of motility and for V-P and M-R re- 
actions as well as various fermentation reactions are variable when 
performed at 37® C. whereas if these are carried out at 20-22® C. the 
results for any one test are uniform. 

In addition to the reactions noted in the table (p. 249), it should 
be noted that Hafnia cultures invariably ferment glucose and mannitol 
with accompanying acid and gas production, give a positive KCN result 
but do not hydrolyze urea. 
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PSEUDOMONAS: LOEFELERELLA 

PSEUDOMONAS 

The genus Pseudomonas comprises more than 140 species but only one, 
Pseudomonas pyocyanea, is pathogenic to man. The other species are 
either saprophytic in water and soil or are pathogenic for plants or less 
•commonly for animals. 


Pseudomonas pyocyanea 

{Ps. aen^nosa) 

Morphology and S taming. — A Gram-negative, non-sporin^ bacillus, 
•measuring 1‘5 by 0-5 /*, actively motile by virtue of polw flagella 
which rarely number more than three; many strains are monotrichous: 
non-capsulate; some strains are fimbriate. 

Cultural characters. — Essentially aerobic but a few strains grow, 
although poorly, under anaerobic conditions. Temperature range, 
5°-43* C.; optimum 37° C. Grows on ordinary media, producing a 
musty odour like trimethylamine. 

Colonies on Agar. — Stroke inoculation produces an abundailt, moist 
greenish-blue fluorescent growth; the pigments (pyocyanin and fluor- 
escin), on which the colour depends, also diffuse fl^ough the medhim 
itod are most abundantly produced at room temperature. Individual 
colonies are large, low-con\ex, with an irregular spreading edge which 
is translucent compared with the dark, greyish centre. Colonies on 
MacConkey’s medium — similar to growth on agar; colonies are pale 
since lactose is not fermented. Some strains give a brown pigmented 
growth when a third pigment, pyoruhaoiw-is produced; a minority of 
strains appear to be incapable of^y pigment production. 

Biochemical Reactions. — ^Acid is produced oxidatively from glucose; 
none of the other commonly employed sugars is utilised by Ps. pyocyanea 
Gelatin is rapidly liquefied by &e majority of strains; growth occurs in 
inorganic media wiA citrate as the sole carbon source. Indole and 
H 2 S are not produced and the Voges-l^oskauer and methyl-red re- 
actions are negative. In contrast with other common Gram-negative 
rods, Ps. pyocyanea gives a positive oxidase reaction; this fact can be 
used as a rapid identification test particularly in those strains whidi do 
not produce the characteristic pigments (Kova<s, 1956; Gaby & 
Hadley, 1957). 

Ant^enic characters. — Difliculty in differentiating between flagellar 
and somatic antigens has delayed the introduction of seroQiping as a 
me&od of dividing the species for epidemiolt^ purposes; pht^ 
typing may be of value in recognising “types” of rs. pyocyanea { Gould 
A McLeod, 1960). More recently a method of typing dependent »» 
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pyocine pirodu<^n, analogous to colicine Q^ing of Sk, soand, has bmx 
found rd&d)k in ^idemiologic studies (Govan, 1964). 

PadtcgeMsis.—Ps. pyocytmea is frequently present, although in nytytH 
numbers, in the norm^ intestinal flora of men and animals and thitt can 
be isolated from sew^e. It is also found on healfliy human dun. As 
a pathogen it is usudly associated with pyogenic cocci or wilhi a member 
of the family Enterobacteriaceae. It is sometimes incriminabed in urinary 
tract infections and is introduced by catheterisation or othac dffgrwwtir 
or therapeutic instrumentation; it is commonly found in infected 
wounds and bums and in chronic otitis media. Acute puplent menin- 
gitis may follow accidental introduction of the organism during lumbar 
puncture or after cranial injury. ^ 

Ii^ection is usually locdised but in infants or debilitated persons it 
may invade the blood stream and give rise to fatal generalised infection; 
this risk is greater in persons receiving antineoplastic dmgs or in 
radiation therapy. 

Animal patfu^enicity . — Subcutaneous injection in rabbits, guinea- 
pigs wd mice produces fever and local abscess formation. Death is 
associated with the intravenous injection of large doses in these animals. 

Chemotherapy . — This organism has vied with members of the genus 
Proteus in its resistance to antimicrobial agents; some strains are 
sensitive to streptomycin and chloramphenicol; however the poly- 
myxins seem at present to be the agents of choice. Colistin methane 
sulphonate (“Colomycin”) is particularly effective (McMillan et al.. 
1962 ). 


LOEFFLERELLA 

The genus Loefflerella comprises for medical purposes two species, 
Loefflerella mallei and Loefflerella pseudomallei', both species are essenti- 
ally parasitic on animals and only occasionally pathogenic to man. 

LoefiSerella mallei 

{ActmobacUbts mallei) 

The causal organism of glanders, a disease of equines which has, 
been eradicated from Britain but still occurs in Eastern Europe and 
various parts of Asia. In horses, two types of lesion occur and are 
named “glanders” proper and “farcy”. In glanders, nodule formation 
starts in &e nasal septum and adjacent parts and is attended by ptoiaat 
caturhal discharge ; ultimately, the nodules break down and give rise 
to irregular ulcerations. The term “farcy” is applied to the affecflon 
of superfidal lymph vesseb and glands seen espe^ly when infection 
has occurred tl^ugh the skin, frequ^tly via abrasions focon the rubbing 
of the harness; flie lymph vessels become irr^hurly thickened and 
corded and are ^ken of as “farcy pipes”. The disease may ooHur in 
tt|an as a result of direct inoculation of a skin abtmoa or wtaand by 
discharges from an infected aniraaL 
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volution fonni occur in old cultu^ G^-negattv^ 
non-sporing. In the tissues it often stains irregularly with a beatfed 

****a^^i CAorarfsrr.— Aerobic and facultatively anaerobic; tempera- 
ture range 20°-44“ C. widi an optimum of 37® C. Grows on onhnapr 
media containing serum or blood; colonies are approximately 1 mm. in 
cUameter stfter 24-48 hr., white in colour, semi-transparent and later 
became more opdque and yellowish. Colonies are often viscid. Diffi- 
cult to isolate in primary culture although adjustment of culture media 
to a slightly acid reaction (pH 6-6) enhances ^wth. 

Paffiogenesis and Epidemiology. — Glanders is an infective granu- 
loma with a marked tendency to suppuration. It is essentially a disease of 
horses, asses and mules, and is only occasionally transmitted to man, 
usually by direct infection from an animal source. Und^ natural 
conditions the usual mode of transmission appears to be ing ption but 
infection by inhalation can also occur. Carnivora in Icapti'^ity may 
become infected from feeding on the carcases of infected anim: ' 

In acute and subacute glanders in animals, ulcerating nodules occur 
in the nasal mucosa and later in the lungs and intenud organs. The 
bacilli are present in considerable numbers in all lesions, situated for the 
most part extracellulary. Latent infections are not infrequent in 
animals and have also been observed in the human subject. 

In human glanders, the infection usually originates in the slun (e.g. 
wound, abrasion, etc.), more rarely in the mucosa of the mouth Or nose. 
The bacilli are found in the local inflammatory lesion and spread via 
the lymphatics, producing an acute lymphangitis. Ultimately a pyaemic 
condition results with secondary foci in which the bacilli are numer- 


Experimental Inoculation. — Guinea-pigs are markedly susceptible, 
and a^r subcutaneous injection die in a week or two with generalised 
lesions, as in acute animal glanders. If a male guinea-pig is inoculated 
intraperitoneally, the tunica vaginalis is rapidly invaded, and, externally, 
swelling of the testis is noted (Straus reaction). 

Laboratory Dia^osis. — Films are prepared from the pus, discharge 
from sores, etc., or from nodules in internal organs, found at post- 
mortem examination; these are stained with methylene blue and by 
Gram’s method. The appearance of beaded Gram-negative organisms 
corresponding to the glanders bacillus is suggestive. 

Cultures are made on a Loeffler serum slope and on blood a^: 
if a mixed growth results, pure cultures are obtained from single colonies. 

In all cases the nature of the infection must be confirmed by animal 
inoculation. A male guinea-pig is injected intraperitoneally with tl» 
pathological material or the isolated culture; in two to thrM diq^s an 
enlargement of the testis results, and the animal aubsequoitly dies, 
showing the lesion of acute glanders. If the inoculum contains a large 
nimber of odier orgasms, it may be iptroduced by subcutaneous 
injection. The organism can then be recovered from the enlaiged 
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regional glands and tested further by intraperitoneal injection of pure 
cultures. 

Agglutination and complement-fixation tests can also be used in 
the diagnosis of glanders in horses. 

Mallein is a preparation from the glanders bacillus analogous to 
tuberculin; when inoculated into the skin or subcutaneously a positive 
delayed reaction has proved to be of value in the di^piosis of infection, 
particularly in horses. 

Loefflerella pseudomallei 

(Bacillus tohitmori’, Pseudomonas pseudomaBet) 

This is the causative organism of Melioidosis — a glanders-like 
disease occurring in Indo-China, India, Malaysia and parts of the East 
Indies; a few cases have also been described in the United States, The 
disease occurs as an epizootic among rodents; rats seem to be the most 
important source of the infection in man, and the contamination of food 
with their excreta may be an important method of transmission. Ex- 
perimentally the disease can be transmitted by the rat-fiea. 

The organism is similar to the glanders bacillus but is motile and 
grows well in gelatin at 20° C., liquefying the medium. The fis^ella 
are polar and 1-4 in number. Growth on agar may be mucoid or dry 
and corrugated, and on potato a brown coloured growth similar to that 
of Loeff. mallei is produced. Other distinguishing features are that 
Loeff. pseudomallei is oxidase positive, grows on MacConkey’s medium 
and does not produce HgS. Susceptible animals such as the guinea-pig 
and white rat may be infected experimentally, and a Straus reaction 
occurs in the male aninnal similar to that produced by Lo^. mallei. 
Loeff. pseudomallei is serologically distinct from Lotff. mallei. The 
organism is resistant to high concentrations of penicillm, strq>tom 3 tein, 
chlortetracycline and chloramphenicol. 

Ordinarily the disease develops in man as an acute pulmonary 
infection followed by blood-spread to the viscera, the development of 
miliary abscesses and death. There are relatively few cases of chronic 
melioidosis described, and most of these have survived what was prob- 
ably an acute phase of the disease. Other cases are pyaemic widi ^ 
cutaneous eruptions which may last for two to three months before 
death. 
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CHOLERA. VIBRIO AND ALLIED ORGANKMS 

VIBRIO CHOLERAE (V. COMMA) 

Fthio choUrae, or the comma bacillus, is the causative organism of 
Asiatic Cholera, a disease now more restricted in incidence and distribu- 
tion than formerly whereas infection with the El Tor variant is becoming 
widespread in Asian countries. It is characterised by an acute gastro- 
enteritis of sudden onset and often running a rapid and fatal course, the 
patient becoming acutely dehydrated, acidotic and shocked within a 
few hours. \ 

Morpkoh^ and Staining . — Curved or “comma-sh^ed” rod (vibrio) 
with rounded or slightly pointed ends, about l’5-3 n by O-S ft. In 
stained mucous flakes where the rods lie parallel, they have been likened 
to fish in a stream. The vibrio is actively motile, and the movement is 
of a “darting” t 3 rpe due to a single long terminal flagellum. In liquid 
cultures the vibrios occur singly, in pairs, or in chains end to end with 
the curves alternating, i.e. presenting a somewhat spiral arrangement. 
“S” forms and spirds representing elongated undivided single cells 
may be noted. Involution occurs readily, especially in culture, and 
globular, club-shaped or irregular forms may be observed. V. chokrae 
is Gram-negative and non-sporing. ' 

When the organism had been growing in artificial culture for a time, 
the morphology becomes less typical and the curvature of the vibrios 
is less pronounced. 

Cultural Characters. — Aerobe; slight growth also occurs under 
anaerobic conditions. Temperature range, 16°-40® C.; optimum, 
37° C. Grows on ordinary media. An acid reaction is inhibitory, but 
abundant growth occurs on alkaline media; the optimum pH is 
about 8-2. 

Colonies on agar (12-24 hours): moist, translucent, regular disks, 
1-2 mm. in diameter, showing a characteristic bluish colour in trans- 
mitted light. Colonid variants include opaque, mucoid colonies, ring 
colonies, and rugose colonies with dry, corrugated appearance. S-R 
dissociation is not readily detected from colonial morphology alone. 

Gelatin stab — at first there is a whitejine of growth along the track 
of the inoculating wire; then liquefaction occurs at the top and spreads 
downwards in funnel-shaped form. 

Coagulated serum is liquefied. 

Vic^Hty. — V. is killed at 56®C. within SOmiiis. Itdics within 

two or three hours when subjected to drying. In stagnant water 
with an alkaline reaction the orguiism may survive for a conside^c 
period, e.g. 5-10 days or longer, but it probably does not multiply to 
any extent in such waters. It is sensitive to sulplumamides, stiepto- 
mydn, cfalOTamphenicol and the tetracyt^nes. 



VlBftlO CHOLZRAB |i$S: 

BiodkemtcM fennentadve reactions after 18*2!0'liotiffi 

incubation are as follows:— 


Gbteose Loaw Dukitcl Sucrose Mannitol Maltose Mamose Aat^hmou 

I - - ^ ^ J- A 

(X=sacid; no gas) 

Cholera-red reaction— this depends on the prodiw^tion ol indole 
and nitrites and can be elidted by adding a few drops of su^dwme acid 
to a 24 hours’ peptone water culture. A reddi^-pink etdour ^elops, 
due to the formation of nitroso-indole. 

Haemolysis — ^the classical V. eholerae does not Ijree thtep or goat red 
blood cells and thus differs from many other vibrios, inchuwg the 
El Tor ^dbrio, which also give a strong Voges-Proskauer reaction. 
Nonhaemolytic vibrios may, however, produce a greenish clearing in 
blood-agar media, due probably to a chemical alteration of the haemo- 
globin. 

The original test for haemolysin (the Greig test) was carried out by 
using mixtures of 72-hour alkaline broth cultures and 5 per cent, washed 
goat erythrocytes incubated for 2 hours at 37°C and die result read after 
standing overnight in the refrigerator. Because of discrepant results 
with various modifications of the original test, Feeley and Pittman 
(1963) have recommended the following procedure in order to obtain 
more uniformity: — 

0*5 ml. of a 24-hour heart infusion broth (commercial dehydrated 
medium, pH 7-4) culture (grown at 35° C. in a 16 mm. x 150 mm. tube 
containii^; 10 ml. of medium) is mixed with 0*5 ml. of 1 percent, washed 
sheep cells. The mixture is incubated for two hours at 35°-37° C. and 
held overnight at 4° C., after which it is read for the presence of haemo- 
lysis. 

Antigenic Characters . — For practical purposes the cholera vibrio 
may be regarded as a homogeneous species, and \inknown strains can 
be identified by testing their agglutination reaction, with an antisenim 
for a known V. eholerae. 

The organism possesses both H and O antigens. The H an%eB 
may be shared with certain other vibrios, though these oigaiusms are 
distinct as regards their O antigens and are sometimes calked non- 
agglutinating vibrios. This serolt^cd differeiue is best denumstrate^ 
with bacteiw suspensions made up in plain saline solution (withemt 
formalin). The El Tor strains (p. 269) possess the same H and O antigens 
as the classical cholera vibrio. 

Within the serolt^ical subgroup represented by the dasneal F, 
eholerae and with a ctmunon O ant^en, serologicd types can be recc^- 
nised, dutingtiished by agg^udiun-tdworption tests with O ai^sera; 
this difference dep^ds on a nibwcbaiiy O antigoaki con^ptnient dbtae- 
teristic of ^ type. Two sudt types have be^ recognised and desig- 
nated accord^ to the naines of standard strains “Inaba" and “C^wa”. 
It is poasi^ that a third type, “Hikojihia”, aho esdsts, possesshig the 
charactfdstk coraponents cd Ixjth the dKwe-rnmtbnedtypes. ; 
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Transformation of a F. cholo'ae strain to the “rough” form is asso- 
ciated widi loss of the specific O anti^n. 

Pathogenesia. — ^Typical cholera is an acute disease of sudden onset 
characterised by profuse watery diarrhoea, vomiting, muscular cramps 
and extreme collapse. 

The vibrios multiply freely in the lumen of the small intestine and 
are present in large numbers in the intestinal contents and dejecta. 
The stools contain many white flakes consisting mostly of mucus and 
some epithelial cells — ^the “rice water” stool, llie organism does not 
penetrate deeply in the bowel wall and practically never invades the 
blood stream. The gall-bladder may be infected. 

The older concept that the profuse diarrhoea was related to a transu- 
date of fluid through a denuded intestinal mucosa does not seem to be 
tenable since (a) biopsies of the bowel epithelium of affected patients 
show an intact mucosa; (b) the bacteria-free cholera stools contain less 
than 0-1 gm. of protein per 100 ml. of fluid, whereas a transudate would 
contain 20 times that amount; and (c) when iodine-tagged polyvinyl 
pyrrolidone (PVP) was injected intravenously in cholera jpatients there 
was no greater PVP content in their stools than in those of control cases. 

Stupes by Phillips and others (see Phillips, 1963) on the patho- 
physiology of cholera indicate that the fluid loss is isotonic and that there 
is excess loss of bicarbonate and potassium so that rehydration should 
be effected by intravenous normal saline and bicarbonate solutions 
(added separately) in the ratio of 3: 1. It has been postulated that the 
excess loss of fluid from the bowel is due to a metabolite of the pholera 
vibrio which acts as an inhibitor of the transport of sodium ions' by the 
intestinal mucosal cells — ^the so-called “sodium pump.” A thermolabile 
inhibitor has been demonstrated in cholera stools. 

Experimental infection with V, cholerae may be produced in baby 
rabbits (10-12 days old) follo^ying either oral adminstration or injection 
of a small dose into the lumen of the small bowel. Profuse diarrhoea 
with dehydration and death follows a short incubation period of 12-18 
hours (Dutta and Habbu, 1955). 

Injection of a culture of V. cholerae into isolated loops of the small 
bowel in adult rabbits or guinea-pigs causes a rapid outpouring of fluid 
into the loop followed by haemorrhagic necrosis of the bowel epithelium 
(De and Chatterjee, 1953). 

^idemiology. — ^The Bengal basin, with the deltas of the Gangesand 
Brah^putra rivers, is nowadays the principal area where cholera exists 
endemioilly throughout the year. 

During the nineteenth century, pandemicsof cholera spread east and 
west from this endemic area and involved many countries in Asia, 
Europe, Africa and America. In the present century there has been a 
Meady contraction in the affected ar^ until only India and East Pakistan 
have had annual epidemics, although outbreaks have occurred in recent 
years in Egypt (1947), Thailand (1958-59) and Nepal (1958). Then, in 
1961, cholera due to the El Tor vibrio, which had been confined to 
endemic foci in the Celebes, began to spread to other parts of Indonwia 
and in the past few years outbreaks hatve occurred in Hmig Kong, 
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Macao, tlw Philippines, Korea and, more recently, in S.E. Asia 
Clinically, infection due to the El Tor vibrio is indistinguishable bam 
cholera due to V. cludefae\ epidemiolc^cally, although outbreaks may 
be less explosive, it has simUarities in its attack on under-nouriidted 
people living under insanitary conditions; the same <|uarantine 
regulations and control measures are applicable. 

In the Bengal basin the maintenance of endemic foci of classical 
cholera probably depends on case-to-case infection in an hiBilllutary 
environment. The infection flares up and becomes epidemic hr the earfy 
spring, reaching a p^ in Bengal in April-Mayjust before the mcmsoon 
season. Spread of infecticm is probably facilitated by tibe large water- 
storage tanks which are used as laundry, bathing pool, etc. as well as 
water-supply. The alkaline reaction of these tanks favours survival of 
V. cholerae. Extension of cholera inland from the endemic area depends 
on human movement and large outbreaks have been associated with 
fairs and religious festivals. Contamination of water supplies by cases 
is the greatest single source of epidemic spread, but case-to-case infec- 
tion by contamination of fomites, food, etc., presumably occurs. 
Transient carriage during convalescence may continue for one to three 
weeks and symptomless contact carriers occur but chronic carriers are 
very rare. 

Bacteriophage typing . — Recently Mukerjee (1963b) has introduced a 
system of classifying V. cholerae strains into five types (1-5) according to 
their susceptibility to four groups (I-IV) of freshly isolated cholera- 
phages. This typing method has obvious epidemiological uses in tracing 
the epidemic spread of cholera; unfortunately, most of the strains of 
V. cholerae in West Bengal belong to only two types (1 and 3). 


Laboratory Diagnosis 

In a wet preparation of the liquid stool, examined under dark-ground 
illumination, the vibrios may be seen darting about like a *‘swaiin of 
gnats.” They are quickly immobilised by the addition of the specie 
antiserum and with this technique, a rapid diagnosis can be made in 
over 80 per cent of the acute cases (Benenson, personal communicatioa). 

Where there may be delay in the transmission of stoob to a laboratory 
for examination, a proerving fluid has been foimd valuable in maintain- 
ing the viability of the vibrio and preventing oveigrowth by other organ- 
isms. 

Preserving Fhdd . — ^Prepare the stock solution as follows: — ^Dissolve 
12-405 gmns boric acid and 14-912 grams potassium chloride in 800 ml. 
hot dis^led water; after cooling make up the vdiunw to a litre with 
distilled water. To 250 ml. of &s stock atkl 133*5 nd. 0*2 M aodmm 
hydroxide, malte up the volume with distilled water to a litre, and add 
200 grams dried sea-a^t {vide n^). Filter the solutbn throu^ paper, 
distribute in 10 ml. amounts in screw capped bottks and autoedave. 
'Ihe final pH should be 9*2. Emulsify 1 to 3 grams of the stool in 10 nd. 
<>f the preserving fluid. The following mixture nmy be stdwdtuted ba 
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sea-salt: NaCl 27 grams, KCl 1 gram, MgC4,6H,0 3 gr^s, 
MgS0j,7H80 1-75 grams. 

Cultural Methods. — (a) A plate of tellurite-gelatin-agar (Monsur’s 
medium, Chapter 47) is inoculated directly from the stool, and incuba- 
ted for 18-24 hours. This medium is highly selective for vibrios, inhilti- 
ting the growth of most otiier intestinal bacteria. Alkaline nutrient agar 
(pH 8*2) may also be used and gives successful results. 

{b) At the same time a tube of peptone water is inoculated with a 
mucus flake from the stool, or, in the case of a fluid faecal stool, with a 
large loopful of the specimen. The peptone water used contains 1 per 
cent, peptone with 0*5 per cent, sodium chloride, standardised to pH 9*0, 
The tube is incubated for six to ei^t hours. Within this time vibros, if 
present, grow freely and at the surface of the medium, and even ou^ow 
other intestinal bacteria. I 

The peptone water culture is examined by means of a stained fllm 
made from a drop of the surface layer of the culture: a large loopfiil is 
placed on a slide and, without spreading, slowly dried at roon][ tempera- 
ture; the fllm is then flxed by heat, and washed in a stream of water to 
remove the dried peptone particles which stain deeply and obscure the 
organisms; the preparation is stained with dilute carbol fuchsin for 
one minute and examined microscopically. At the same time a handing- 
drop preparation may be examined; at the edge of the drop, vibrios are 
easily detected by their characteristic morphology and darting motility. 
If vibros are present, a sub-inoculation is made on the selective culture 
medium. If no vibrios are detected, a sub-inoculation is made into a 
second peptone water tube ; this tube is incubated for six to eight hours, 
and film from it is then examined as in the case of the primary culture. 
If no vibrios are detectable in the second peptone water culture the 
result may be regarded as negative. 

Pure cultures are teste4 for the fermentation of lactose, sucrose, 
mannose and arabinose, the VP reaction and haemolysis. Finally, a 
specific 0-antiserum is used for the agglutination test. An otherwise 
typical strain that does not agglutinate in the specific serum should be 
tested with an antiserum for rough vibrios. Inaba and Ogawa types 
are diagnosed by absorbed monospedfic sera. Differentiation from the 
£1 Tor vibrio depends on haemolysin production, VP reaction, phage 
sensitivity and other teste (vide infra). 

Isolation of Vibrio choUrae from WaUr . — 100 ml. of a sterile alka- 
line (pH9*0) 10 per cent, solution of peptone containing 5 per 
cent, sodium chloride are added to 900 ml^of Ae water specimen, which 
is then distributed in sterile stoppered fb^ or bottles. These are in- 
cubated, and sub^inoculations are made (from the surface growths) 
on a sel^ve medium after 24 and 48 hours, as in the method desaibcd 
for the illation of V. cholerae. A larger quantity of water may be tested 
by filtering it through a Seitz disk or membrane filter md by using the 
disk as the ino^lum for a peptone water culture. 

Pro^ylaxis. — Cholera vaccine has be«i used in the prophylaxis of 
the disease. The vacxine may be preftered from a 24-hour culture on 
nutrient agar, the bacterial suspension being killed by heat and standar- 
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dised to 8000 million organisms/ml. Two doses eadb of 1-0 ml. are 
given at m interval of seven days; protection is believ^ to last for 
four to six months. The establishment and maintenance of puiified 
water supplies which are free from the risk of contamination by olises 
or carriers eliminates the greatest single mode of spread of diis disease. 
As a temporary expedient, wells and ston^e tanks may be treated with 
hypochlorite or other chlorine derivative. In the absence r safe 
supply, all water for personal and culinary use must be boil^, Mmeral 
waters and ice supplies must be carefully supervised. . The rapid 
eliminarion of vibrios from the stools of cases treated wi& a suitable 
antimicrobial drug e.g. tetracycline reduces the duration of infectivity 
and such treatment may help to diminish community spread. 

El Tor Vibrio 

The El Tor vibrio was first isolatedfromunaffectedpilgrims returning 
from Mecca and although it resembles V. chalerae in its cultural, 
biochemical and serologi^ characters, it was origiiudly regarded as a 
non-pathogenic variant because it was detected frequency in water and, 
like other water vibrios, gives a positive V<^es-Pros^uer reaction. 
Then it became known that localised outbreak of cholera due to an 
organism of the El Tor type were occurring in Celebes and when infec- 
tion began to spread more widely the pathogenicity of this vibrio was 
accepted. Its main differences from V. cholerae are ( 1 ) the production of 
haemolysin although this property may be inapparent on primary cul- 
tures and persistently non-haemolytic variants do occur; (2) all strains 
are resistant to most cholera phages and in particular to cholera phage IV 
to which classical F. cholerae is always susceptible (Mukerjee, 1963a); 
(3) El Tor strains always agglutinate fowl cells whereas fre^y isolated 
V. cholerae does not; (4) El Tor strains give a positive V-P reaction. 
Other reported differences like suspension instability are not absolute. 


Other Vibrios 

Certain species of Gram-negative vibrio have been described in dkeases of 
animals, e.g. V, fetus, V.jgutd, V. colt and V. metdmihtm. 

V. fetus occurs in abortion of sheep and cattle, and can be isolated fn»n the * 
placenta and a^ from the foetus. The organism varies in length, ffie short 
forms being comma-riiaped, the longer individuals exhllnfing two to fotir 
coils. It is relatively aiendor and shows a flagellum at one or bom ends, This 
organism is micro-aerophilic and has been cultivated on agar ^pes In sealed 
tubes containing m the condensation water a few drops of Sterile defibrinated 
horse blood. V^n first cultivated growth msy oidy develop between toe 
agar and the wall of the tube; after repeated subculturing a surface groWto is 
obtained. 

Under natural conditions cattle are iiifected during msemination; on toe 
other hand, sheep are ixmst probably infected from contelninated food and 
water supidies. j^agnoais depends on toe isolation df the organism frMn the 
riomach contosts of toe toorted foetus or foom uterine exudates. Non- 
pathogonfo attains tesembl^ V, feim have been uriided fitim bpvhie 



270 MEDICAL MICROBIOLOGY 

genitalia, e.g. Vibrio hububu', such strains are not to be confused with V. 
fetm, since unlike the latter they do not form catalase, they produce HS, 
and are strict anaerobes. 

Chemotherapy. — Streptomycin, diloramphenicel and the tetracydines 
are of value and may also be used in the treatment and stora|;e of bull semen. 

V.jqtmi has been described in an infectious diarrhoea (“winter dysentery”) 
of cows in America. It is a Gram-negative vibrio with a flagellum at one or 
both poles and, although similar to V. fetus in other respects, it is serologically 
distinct. 

V. coli, an organism closely resembling V. fetus, b causally related to a 
form of dysentery in young pigs. 

V. metchmkovi was first isolated from a septicaemic disease of fowls. It 
resembles closely V. cholerae in general biological characters, but differs 
serologically, and in its high virulence for guinea-p^, pigeons ^d fowls: 
a minute amount of culture introduced intramuscularly or into a cutaneous 
wound produces in these animals a rapidly fatal septicaemia. \ 

Various other vibrios have also been described. These are mostly water 
forms. In certain parts of India, vibrios are regularly present in unprotected 
wells and rivers. These may present some similarity to the cholera vibrio 
but are serologically distinct and they occur in areas where cholera is not 
endemic. Many of them correspond to the vibrios described in paracholera 
though such water vibrios are apparently non-pathogenic. Certain water 
vibrios exhibit in culture marked phosphorescence, e.g. V. phosphorescent. 
Vibrios have been isolated from a variety of other sources, e.g. from sputum 
(V. sputigenm), from cheese (V. tyrogenus), from intestinal contents in “Cholera 
nostras” (V. proteus — Finkler and Prior’s spirillum), and from infections in 


SPIRILLUM MINUS 

A causative organism of r^t-bite fever. Though often described as 
a spirochaete, this organism conforms in its biological characters to 
those of a spirillum, and the name Spirillum minus is generally used. 

It is a short spiral organism about 2-5 n in length and relatively 
broad, with regular short coils numbering one for each micron of the 
length of the organism. Longer forms up to 10 /x may also be observed. 
Thu organism is very actively motile, showii^ darting movements like 
those of a vibrio. Movement is due to terminal flagella, which are 
variable in number — ^from one to sevoi at each pole. In moving, the 
organism itself remains rigid and shows no imdulation. It can be 
demonstrated easily by dark-ground illumination in fresh preparations, 
in which its active movement is seen and it8~flagella are also observed. 
It is most readily stained by a Romanowsky stain {e.g. Leishman’s), but 
can also be stained by the ordinary aniline dyes. The organism has 
probably never been cultivated successfully. 

In rat-bite fever the spirillum may be demonstrated in the local 
Imon, tlw regional lymph glands, and even in the blood, eitiier by 
dirt^ mi^oscopic methods {vide supra) or by animal inoculation. 
Guipea-pi^ white rats and mice are suscqitible to infection: the 
spirilla appear in the peripheral blood and can be detected by darit* 
ground illumination. Guinea-pigs devel(^ a progressive disease and 
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die of the infection. The intra-peritoneal inoculation of hunuin infec- 
tive material in mice is followed % no sign of disease; ^iriUa appear in 
the blood after five to fourteen days, but always in very small numbers. 
If the spirillum caimot be detected microscopically in &e local lesion, or 
if the original bite-wound has healed, an enlarged lymphatic gland may 
be punctured by means of a hypodermic syringe; “gland juice” is 
aspirated, and investigated by direct methods or animal inoadstiQn. 

Spirilhan minus occurs naturally in wild rats and certain otlM^ triM 
rodents, producing a blood infection. Condirions similar to rat-bite 
fever have also been reported following the bites of cats and feitets. 

Pathc^enesis. — It should be noted that at least two (plerent specific 
infections may result from rate-bite and may be desisted clinically 
“rat-bite fever”, the condition due to SpiriUum minus (described above) 
and that produced by Streptobacillus moniliformis (p. 291). The former 
presents a highly characteristic clinical syndrome: a relapsing febrile 
illness with a local inflammatory lesion, edargement of regional lymph 
glands and a macular skin eruption, all these lesions fluctuating in 
parallel with the temperature. SpiriUum minus has been demonstrated 
by direct examination in the local lesion and glands, and even in the 
blood of cases. Infection by Streptobacillus moniUformis is likewise an 
acute or subacute febrile condition and may be associated with a skin 
eruption {e.g. erythema multiforme), but involvement of joints, even 
resembling the polyarthritis of acute rheumatism, is a feature of this 
illness. It seems likely that the two conditions have been confused 
with one another in the past. 

Spirillum minus infections respond to treatment with the tetracyclines 
and penicillin. 



CHAPTER 22 


PASTEURELLA 

The Pasteurelia family constitutes a group of closely related, bio- 
chemically inactive, Gram-negative rods showing bipolar staining. 
Members of the group are associated with plague in man and acute and 
chronic systemic infections in a wide varied of animals and birds. 
One of the first members to be studied was the bacillus of fowl cholera 
which Pasteur used in his early work on immunity. 

PASTEURELLA FESnS 

This is the organism of Oriental. Plague, which has beemone of the 
major pestilences of the world, with rats as the main reservoir and the 
flea as the intermediary between rodent and man. Typically, me severe 
forms of illness (Pestis major) occur either as bubonic pla^e or as 
pneumonic plague. In these cases there is a sudden onset with high 
fever, great prostration and varying degrees of delirium, with usually 
an associated septicaemia. There is also an ambulatory form {Pestis 
minor) in which the patient is only mildly pyrexial, with some lympha- 
denitis and a vesicle or pustule at the site of the flea bite. 

Morphology and Staining. — In its most characteristic form this 
organism is a short, oval baciUus with rounded ends — i.e. cocccfbacillary 
— about 1‘5 /X by 0-7 /x, occurring sii^ly and in pairs. In the tissues a 
typical capsule may be observed; in cultures grown at 37® C, capsular 
material can be demonstrated by means of India ink preparations, but 
it is not well-defined. ,, 

The organism is Gram-negative, and when stained with a weak 
stain {e.g. methylene blue) shows characteristic bipolar staining which 
is an important feature in identification. 

In culture the plague bacillus is less typical. Longer forms are 
frequent, and polar staining is less obvious. Pleomorphism is marked 
especially in old cultures, and involution or degeneration forms are 
particularly noticeable. These are markedly enlarged, stain faintly and 
include globular, pear-shaped, elongated or irregular forms. In fact, 
the microscopic picture of an old culture often suggests that of a yeast 
or mould. Invdution in culture can be hastraed by the presence of 
3 per cent, sodium chloride, and this has sometimes been utilised in 
identifying the organism. 

In fluid culture the bacilli tend to be arranged in chains. 

The organism is non-motile and non-sporing. 

Cultural Characters. — P. pestis grows aerobkally and ansttrobic- 
ally on ordinary culture medium. The optimum temperature of the 
pk^ue bacillus, unlike most other pathogens, is bebw 37® C.,.and 
primary cultures grow best at 27° C. The minimum tenmeratute is 
about 14® C. 

The plague bacillus is somewhat sensitive to free oxygen uxd growth 
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may develop under aerobic oonditioos if die iiuMHilum is ^mll; rhi* 
inhibition can be avoided by die addition of Mood or sodium milpbitiB 
to the medium or by the exclusion of air. 

Colonies mi agar are at first very small, transparent, whke, coGuiar 
disks (1 imn. or less), later becoming larger {3-4 mm.) uid <^paque; 
they are not specially characteristic. 

In older cultures some of the colonies may have oulipown the odiers 
and become more opaque. This gives the appearanceof amixedgtowdi. 

In broth, growth consists of a granular dqxisit at die faok mi on 
the side of the tube, not unlike that of a streptococcus. If cultured in 
a flask of broth with drops of sterile oil on the surface, and provided the 
flask is not subjected to shaking or movement, a characteristic growth 
develops, consisting of “stalactites” hanging down into the fluid from 
the oil drops. 

Viability . — ^The thermal death point is about 55° C. for 15 minutm. 
The organism dies quickly when subjected to drying. Laboratory 
cultures remain viable for months if kept moist and at low temperatures. 

The risk of laboratory infection of staff hsmdling pathological 
material and cultures is considerable, and all manipulations should be 
carried out with the utmost care. 

Biochemical Reactions . — 

Glucose Lactose Dulcitol Sucrose Masmtol 

± - 1 
(l=acid; no gas) 

Indole is not produced. 

Milk medium is unaltered: P. pesHs does not liquefy gelatin. 

The organism grows on a bile-salt medium such as MacConkey’s 
(cf. other members of the Pasteurella group). 

Antigenic Characters . — It has been shown that P. pesiis contains two 
types of antigen, one somatic and heat-stable, the other heat-kbile at 
100° C. and associated with the capsule which is formed in cultures 
growing at 37° C. The capsular antigen may be of importance in 
relation to the immunising properties of P. pesHs vaccmes; thus, a 
killed vaccine prepared from cultures grown at 37° C., in whiMi ca|>sukr 
material is well developed, has greater immunising properties in nuoe 
than one from cultures grown at tower temperatures, e.g, 25°-30° C., 
as in tlte preparation of the H^fldne pU^e vaccine which hss been 
extensively used in India. On the other huid, the somatic <h; “lesidtie” 
antigen is important in the protectton of guinoi-pig^. A nmHmdc 
complex of antigenic fractions can be prqtared which immutuses both 
mice and guinea>p^ (Ki^ie, Coching A Smith, 1958) and may prove 
useful as a protective vaccine against pkgue. Strai&B of P. pis^ are 
serologicfdly homogmeous. 

Animal Patlwgtmdty. — The baciUus is pathogenic to turn, 

guinea-pigs and other rodents, and pHgan » ess^tidiy an e^fiaoetk 
disease among wild rats and certain omer rodent animals. A guinea<pig 
or white rat injected stfinnitaneously widi a recently isolate cnlt^ 



274 


MEDICAL MICROBIOLOGY 


dies in a few days, and at autopsy a marked local inikunmatory cofidjticm 
is noted, with necrosis and oedema; the related lymph glands are also 
involved ; the spleen is enlarged and congested and often shows small 
greyish-white areas in its substance; there is also septicaemia. The 
characteristic bacilli can be seen in large numbers in films from the 
local lesion, lymph glands, spleen pulp and heart blood. A similar 
condition is found in rats dying of epizootic plague {vide infra). 

Marked local and genei^ toxic effects can be produced in animals 
by injection of dead cultures, but a true exotoxin is not produced. The 
'*toxin’' can be released by lysis of the bacterial cells and from it a 
toxoid can be prepared; its relationship to the pathogenicity of the 
plague bacillus is doubtful. 

Pathogenesis. — In bubonic plague the bacilli are inoculat^ by a bite 
from an infected rat flea (see below) and there is an incubanon period 
of 2-8 days. The organisms may then be present in relatively small 
numbers in the blood stream but they are largely localised in the regional 
lymph glands (usually the inguinal group as the leg is most dommonly 
the site of inoculation) where they give rise to progressive swelling of 
the lymph glands and periglandular tissue. The resultant^ mass is 
referred to as the primary bubo. There is intense infl^mation, and 
plague bacilli are initially present in large numbers in the bubo. 
Secondary buboes may develop in other lymph nodes. Haemorrhages 
occur in the bubo and there is subsequent necrosis, with reduction in 
the number of plague organisms locally present until they may dis- 
appear. If the case is septicaemic, however, the bacilli gain access in 
large numbers to the blood stream and an intense septicaemia precedes 
death in fatal cases. In primary septicaemic plague there is insufficient 
time for marked involvement of lymph nodes. Post mortem the organ- 
isms are found in the spleen. 

In pneumonic plague theae is a pulmonary focus of infection with a 
fulminating haemorrhagic bronchopneumonia. The badlli are present 
in the bronchopneumonic areas in the lung and they occur in large 
numbers in the sputum which is highly infectious in this form of the 
disease. 

Epidemiology. — ^Plague is epizootic in rats and certain other rodents. 
The infection is spread by rat fleas (c.g. Xenopsylla cheopis). The 
occurrence of bubonic plague in man is due to transmission of the 
infection from rats by the rat flea. The mechanism of trans- 
mission is briefly as foUows: the flea sucks blood (containing plague 
bacilli) from an infected animal; the bacilli multiply in the stomach and 
proventriculus, which may become blocked with bacillary masses; when 
the insect again bites and sucks blood, regurgitation takes place from the 
blocked proventriculus into the bite wound, and so inoculation results. 

The time during which the bacilli survive in a flea and the insect 
remains infective depends on temperature and humidity. A tempera- 
ture of about 50® F. (10° C.) and a high degree of humidity have been 
found to be the most suitable conditions. A temperature over 80° F* 
(27° C.) is unfavourable. 

Pneumonic plague is communicated from person to persem by 
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infected droplets from the respiratory passages. Hus form of the 
disease may be initiated from cases of tnibdnic plague m whidi the 
organisms localise in the lung and produce a pneumonic lesion. 


Laboratory Diagnosis 

Bubonic Plague , — ^The bubo is punctured with a hypodmnic ^rringe 
ind exudate withdrawn. From this material films are made sad stained 
Arith methylene blue and by Gram’s method. The appearance of the 
:haracteristic bacilli showing bipolar staining is highly suggestive. 

Cultures are also made on blood agar, and single colonies are sub- 
:ultured. The resulting growths are then available for further in- 
vestigation. 

Some of the exudate should also, if possible, be injected sub- 
cutaneously into ^guinea-pig or white rat. If plague bacilli are present, 
the inoculated animal will die, showing at autopsy the appearances 
described above. 

The cultures obtained may be tested as regards biochemical re- 
ictions, involujiion on 3 per cent, salt agar, chain formation in broth, 
and stalactite ^owth. The cultures can also be used for further animal 
inoculation experiments. 

Pneumonic Plague . — ^The bacilli can be detected microscopically in 
the sputum, and for identification should be isolated in pure culture as 
in dealing with material from bubonic plague. 

In carrying out animal inoculation with sputum, other virulent 
organisms may be present {e.g. pneumococcus); instead of injecting 
subcutaneously, successful inoculation with the plague bacillus can be 
effected by appl 3 ring the material to the nasal mucosa, or to a shaved 
area of skin. 

In septicaemic plague, the bacillus can be demonstrated and isolated 
by blood culture. 

There may be racial prejudices ^inst obtaining material for 
laboratory examination post mortem. If excision of buboes, liver, spleen, 
bone-marrow or lung tissue is not allowed, samples may be obtained 
for culture or animal inoculation by needle puncture (Pollitzer, 1954). 

Chemotherapy . — ^Tetracyclines have given spectacular results even*, 
in pneumonic plague, whi^ if untreated, is invariably fatal. CMor- 
amphenicol, streptomycin and sulphonamides have also been fbimd 
effective. Irrespective of the agent employed, thmpy must be iDsti- 
tuted early in the diseioe and continued for at least ten days if rdapses 
are to be avoided. 


Pn^ylaxis. 

Plague vaccines have been widely used for proidiylac^ purposes. 
The prepatatum known as Hafinmie'syaocine » a ci^frure 

of P. p&tis grown for 4 we^ at 27^ C. in digest Phenol^ (h5 

percent., is ad4«i as a preservative. Twodosesof l*0and 2«0 aoL me 
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injected subcutaneoudy at an interval of seven to ten days. Tike 
protective value of this and other killed vaociites is in doubt. 

Livii^ non-virulent cultures have also bean employed as vaodnes 
and seem to give a good degree of protection. 

Rodent control on an organised and permanent basis combined with 
ilea destruction wilt do much to eliminate raizootic conditions. The 
need for personal protection of medical and nursii^ personnel, par- 
ticularly those caring for cases of pneumonic plague, is vital and entails 
the wearing of protective clothing, masks, etc. Such persons may be 
given immediate temporary protection with anti-plague serum. 


Diagnosis Plague Infection in Wild Rats 

At autopsy the following appearances are noted: — enlaigement of 
l3rmphatic glands, with periglandular inflammation and oede^, most 
frequently in the cervicid glands owing to the fact that the n^k is the 
common harbourage of fleas; serous effusion in the pleuru cavity; 
enlargement of the spleen, which may show small white are^ in the 
pulp; congestion and a mottled appearance of the liver; congestion and 
haemorrhage under the skin and in the internal organs. 

Films are prepared from the heart blood, the glands and spleen, and 
stained by Gram’s method and with methylene blue. Cultures should 
also be made, and the isolation of the organism attempted by the usual 
methods. Guinea-pigs should be inoculated subcutaneously with an 
emulsion of the splenic tissue. In rats found dead of plague if may be 
diflicult to demonstrate the bacilli microscopically or to isolate them in 
culture. Carcases in a state of decomposition may be heavily con- 
taminated with other organisms which render the microscopic examina- 
tion confusing and isoktioK difiicult. Inoculation of a white rat or 
guinea-pig, by smearing the nasal mucous membrane or a shaved area 
of skin with material from the lesions, should be carried out. Differ- 
entiation of P. pestis and P. pseudotuberctdosis is important. 


OTHER ORGANISMS OF PASIEURELLA GROUP 

The pli^e bacillus is only one species in a biological group. 
Pasteurella, which includes at least three, species of veterinary import- 
rmce, namely Pasteurella muhocida (syn. P. septica), PasteureUa haemo- 
lytica and Pasteurella pseudotuberculosis. These organisms and P. pestis 
are all similar in morphology and staining reactions, but they diner in 
certain features including their parasitism and virulence to different 
animal species. 

PaatenreUs multocida {Pasteurella septica) 

Straim of this organism have been generally named in the past Mcording 
to the animal from whidi they have been isolate (P. bomeptiah P. aoiteptis^ 
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p, avidda^ etc.), but they are now regarded as members of the same species, 
p. mdiodda^ mSenng in their parasitic ^ptations to particular hosts. 

P. mdtocida causes haemorrhagic septicaemia, transit fever and maisdtts 
in cattle; pneumonia with septicaemia in pigs; septicaemia and snu ffs ia 
rabbits; fowl cholera and septicaemia in poidtry. Characteristic bipolar 
staining is exhibited by the organisms which are present in the blood and 
tissues. P. multocida differs from other members of the genus in cer^un 
cultural and biochemical details (see table, p. 278). 

Antigenic Characters . — Strains from different sources can be dhdded into- 
five types by cross-protection tests (Hudson, 1959). 

Pathogenicity , — ^There are conflicting reports regarding pdsible relation- 
ships between colony type, nature of colony fluorescence and type of en- 
capsulation of P. multocida strains and their virulence. The organism may 
be carried by apparently normal cattle, sheep, swine, dogs, cats and rats. It 
may also occur in the upper respiratory tract of healthy persons associated 
with animals. P. midtoada freshly isolated from haemorrhagic septicaemia 
in cattle is usually highly pathogenic for mice and rabbits but not so for 
ducks and chickens. Fowl cholera strains are equally pathogenic for mice, 
rabbits, ducks and fowls. 

Cases of human infection by P. multocida occur, especially in septic 
wounds following cat or dog bites (Allott et al, 1944; Coghlan, 1958). 

Pasteurella haemolytica 

This organism, which may occur in longer and filamentous forms on 
culture, causes narrow zones of haemolysis when grown on ox- or sheep- 
blood agar, but the production of wide outer zones of partial haemolysis in 
addition to the typical narrow zone of complete haemolysis has been re^rted 
when strains are grown on agar plates containing blood of young landbs 
(Smith, 1962). P. haemolytica occurs in the upper respiratory tract of healthy 
animals and is generally regarded as a seconds^ or opportunist invader when 
associated with serious disease in animals. It has been isolated from pneu- 
monic lungs of cattle and sheep and it may produce a form of septicaemia in 
lambs. In contrast with P. multocida^ P. haemolytica is virtually non- 
pathogenic for rodents. 

Urease-producing organisms otherwise resembling P. haemolytica have 
been isolated from human sputum (Jones, 1%2). 

Pasteurella pseudotuberculosis 

This is the causative organism of pseudotuberculods in guinea-pigs, 
turkeys, rats, rabbits and other animals. The organism has also b^ ismated * 
from birds. It might be confused with P. pertis if isolated from wild rats, 
but can be distinguished by its motility when growing at 22^ C. P. pmtdo^ 
tuberculosis is very similar to P. pestis in many r^pects, however, and 
entiation may not always be straightforward (Wilson & MSes, 1955). 

Antigenic CAorortm.—Fivc different semlogical types of P. pfetsfe- 
tuberculosis have been recognised by agglutination reactbns (types 
organism possesses three antigmc constituehts: a flagellar, a 
somatic, and a common somatic antigen. The common sonudte antigen, 
which is shared by aU five types, is die same as the somatic antigen of P. pegtis„ 
There is also an antigenic imtionship between P. pseudoiUAercsdasis type II 
and IV and cei^n saltiion^ae of grcni^ B and D tespecaivdy* 

The foQowir^ table shows how P. p^idii P* P« 
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Motility at 
18''-22“ C. 

Maltose 

Indole 

Growth on 
Bile-sah 
Medium 

P, pestis . . 

— 

1 

— 

+ 

P. septica 

— 

— 

4- 

— 

P. haemolytica 

— 

1 

— 

j — 

P, pseudotuberculosis 

+ 

X 

— 

+ 


J. s acid; no gas. 


In freshly isolated culture P. pestis can be differentiated from P. pseudo- 
tuberculosis and other Pasteurella organisms by adding very small finocula 
«(from dilutions of the culture) to rabbit-blood agar and incubating at|37® C.; 
P. pseudotuberculosis grows well in 24 hours while P. pestis develops slowly at 
this temperature, small colonies appearing only after 48 hours ks the 
optimum temperature for P. pestis when freshly isolated is 27 C.® \ 

Pathogenicity, — Pseudotuberculosis in the guinea-pig is associatea with 
yellowish caseous foci in the liver, spleen and mesenteric lymph nodes. \ The 
natural infection is thought to occur by ingestion and is usually chronic. 
Pseudotuberculosis may be introduced into guinea-pig colonies via green 
food contaminated with the excreta of infected wood pigeons (Paterson & 
Cook, 1963). 

Human infection with P. pseudotuberculosis has been generally re- 
garded as rare. A few cases of a septicaemic typhoid-like illness have 
been recorded. A more benign infection involving the mesenteric 
lymph nodes is apparently more common and may be mistaken for 
acute appendicitis (Mair et al^ 1960). 


PASTEURELLA TULARENSIS 

This organism is classified by some workers with the Brucella family 
because of its growth requirements, its biochemical behaviour and its 
serological relationship with that group. It is also, like the Brueellaj 
highly pathogenic for laboratory workers handling cultures of the 
organism. However, in its ecology as an animal and human parasite 
and its possible transmission by insects, it comes closer to the Pasteurella 
group and is included in this family in Bergeyjs classification. 

The organism is a small Gram-negative cocco-bacillus not usually 
exceeding 0*7 fi in length and 0*2 /x in width, with a tendency to pleo- 
morphism in artificial culture. It stains best with dilute cartol-fuchsin 
and shows bipolar staining. It is present in large numbers as a capsul- 
ated organism in the spleen and liver of infected animals. Its occurrence 
in large numbers inside cells in these organs has suggested that it may 
multiply as an intracellular parasite. P, tularensis cannot be cultivated 
on ordinary media. Cultures can be obtained, however, on a medium 
consisting of pure egg-yolk, on blood agar or serum agar containing ^ 
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piece of sterile rabbit spleen, and on hor8e*serum agar containing 
0-1 per cent, cystine and 1 per cent, glucose. 

In the Western States of America it produces a plague-lhce diseiae 
(tularaemia) in wild rodents {e.g. rabbits, hares, ground-squirrels^ etc.). 
The lesions are not unhke those found in plague-infected animals, and 
this infection has to be considered, therefore, in the diagnosis of pU^e 
in animals. The disease has also been observed in Japan, U,S.S.R., 
Yugoslavia, Norway and certain other parts of Europe. Various tridents 
and other wild animals may be infected. 

This infection is transmissible to man as a result of handling in- 
fected animals {e.g, rabbits and hares) or laboratory cultures. A 
prolonged febrile illness results, sometimes with ^andular lesions 
and ulcers of the skin. The serum of infected persons agglutinates llie 
organism. It may be noted that the serum of cases with Brucella 
infections may contain agglutinins for P. Udarensis. For diagnostic 
purposes guinea-pigs or mice may be inoculated with exudate from the 
glands or ulcers. 

Infection is also spread by ticks and other biting arthropods, and 
P. tttlarensis has been cultivated from ticks. The disease is sometimes 
apparently water-borne; thus, water-rats may be infected and con- 
taminate water by their excreta. 

The tetracyclines can be used in the treatment of the infection. 



CHAPTER 23 


BRUCELLA 

The generic term Brucella is applied to a group of Gram-negative 
bacteria which are essentially pathogens of animals, notably goats, ^eep, 
cattle and pigs. In cattle the infection frequently results in outbreaks of 
abortion (contagious abortion). They also cause brucellosis (undulant 
fever, Mdta fever) in man through his accidental contact with the dis- 
charges of infected animals or through the consumption of their milk 
or milk products. Three different species are recognised which though 
identical in morphology and staining reaction ^er in thdr host 
prelection, in certain cultural characteristics and in the amount of the 
two antigens which are common to all three. They are Br. abortus 
which occurs mainly in cattle, Br. meUtensis in goats and sheep and Br. 
suis in pigs. The host-parasite relationship, however, is not aq^lute 
and both man and the domestic animab are susceptible to ihfect^n by 
all three species. There is evidence that in some European countries 
hares and other rodents act as important sources of infection to domestic 
livestock, especially to swine, and dogs may sometimes be responsible 
for spreading infection in herds of sheep (Biberstein & Cameron, 1961). 
In addition to the three main species there are a few atypical Brucella 
types whose characteristics do not fit into the normal pattern of any 
one of them. 

Brucellae are able to grow intracellularly and tend to localise in 
lymphatic tissue, liver, spleen, bone-marrow and other parts of the 
reticulo-endothelial system. The presence of erythritol, a substance 
which stimulates the growth of virulent brucella strains may account 
for the predilection of these organisms for placental tissue of goats, 
sheep, cattle and pigs causing a placentitis wUch may lead to abortion 
of pr^nant animals. Human placental material on the other hand does 
not contain erythritol and human abortion due to brucellosis is rare 
(Williams, Keppie & Smith, 1962). 

Each of the three species is patht^enic to man. The infection may 
ren^n latent or cause a variety of symptoms, the intensity of which 
varies from severe to subclinir^. A chronic condition may devdop, 
lasting m^y years and involving many parts of the body. The most 
characteristic manifestation in the acute phase is an intermittent fever 
(undulmt fever). Of the three species, Br. mMtensis appears to be the 
most virulent and tends to cause un dulant fever more frequently than 
the other two. 

All types have the following characteristics in common: 

Morphology and Staining. — Gram-negative cocco-bacdli, usually 
appearii^ as round or oval forms about 04 fs in diameter. Ddmite 
bacillary forms (1-2 ft in length) may be observed. The oi^anisnis 
occur singly, in pairs, or even short chains. Thty are non-morila and 
non-sporing. Small capsules are sometimes present. 

Cultural Char actors. — ^Aerobic; optimum temperature, 37® C» The 
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brucellae be«« on medm enriched mth axumal protdn sudi as 
serum or liver extract. Coloniea on agar in primary growth may not 
appear for two or three days; they are small smooth tran^arent 
without special characters, about 1 mm. in diameter but increasing in 
size to 2-3 mm. 

Gelatin stab— a delicate line of growth alor^ the tracik of iIm in- 
oculating wire, with little or no surface growth. No liquefaction occms. 
Potato medium— after several days a characteristic chooolate<^iNKrmi 
growth is produced. 

ViabiUty . — A temperature of 60° C. destroys bruceliae in ten 
minutes and they are readily killed in milk by pasteurisation. Hiey are 
moderately sensitive to acid and tend to die out withm a few days 
in fresh cheese undergoing lactic acid fermentation. Tl^ may survive 
for a number of days in butter made from infected milk. The organisms 
are very sensitive to direct sunlight, but if protected from it they may 
persist in dust or soil for two to three months and in dead foetal ma terial 
for even longer periods. They are susceptible to sulphonamides, 
streptomycin, the tetracyclines and chloramphenicol. 

Biochemical Reactions . — Although carbohydrates are utilised, bruc- 
ellae produce insufficient acid or gas to be demonstrable by the orffinary 
methods. 

Animal Pathogenicity . — Laboratory animals may be experimentally 
infected, the guinea-pig being the most susceptible to small inocuk. 
The infection is not usually progressive and the guinea-pig nomoally 
recovers spontaneously although infection by Br. meUtensis may be 
fatal. If the axiimal is killed a^r six or eight weeks the lymph nodes 
in the region of the site of inoculation are often found to be swoUoi, 
the spleen may be greatly enlarged and engorged and necrotic areas 
are seen in the liver and spleen from which the organinns may be 
cultured. A^lutinating antibodies are detectable in the serum. 

Differential Tests for Brucella 

The three main types of Brucella differ in certain characteristus 
which form the basis for their dassificaticm. These are as foUows: 
(I) carbon dioxide requirement; (2) production of hydrogen sulphide; 
(3) sensitivity to certain dyes; (4) urease activity. 

1. Carbon Dioxide Requirement. — When cultivation is tnteaapted 
directly from the animal body, Br. abortm requires an atnu^here con- 
taining 5-10 per cent, of carbon dioxide. This can be cffitained by 
placing the inoculated tubes or plates in an ur-tight jar or tin and 
generating carbon dioxide within the container. After continued 
cultivation, Imvtrever, the organism may be grown in the ordinary «hnos- 
phere. On ffie othitf hand Br, and Br, sm ctm be grown 

without the addition of carbon dioxide even in primary culture. Br. 
^eUtesttis may benefit from the gas, but some strains of Bir. sms may 
be inhibited by it. Bai^ oi%ma% cultivated JSr. tibortsu by pre- 
Pving shake cuhuies in tubes of serum agar, the eobntea daNdopkag 
best in a zone just bdow die nirfme of the medium. Tiua ia due to 
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the £act that in this zone the partial pressure of carbon dioxide » at 
an optimum for the growth of the organism and the conditions are still 
aerobic. The reason for the effect of carbon dimdde in promoting 
growth of Br. abortus is not fully understood. 

2. Production of Hydrogen Sulphide. — Both Br. abortus and Ameri- 
can strains of Br. suss form sulphuretted hydrogen (the latter more 
markedly and for a longer period). This can be detected with lead 
acetate paper (filter paper soaked in 10 per cent, lead acetate solution is 
dried, cut into strips 8 cm. by 0-5 cm., and stored in a stoppered mbe 
ready for use). One strip is inserted into a tube containing a serum 
dextrose agar slope culture and held in place with the cotton-wool 
stopper. The paper is examined daily and renewed as soon as it be- 
comes blackened. Br. meUtensis and Danish strains of Br. suts, do not 
produce HjS. 

3. Inhibition by Dyes. — Br. meUtensis, abortus and suis haite been 
differentiated by means of media containing 1 : 25,000 basic mchsin 
and 1: 50,000 thionin respectively. Br. meUtensis is not inhibtted to 
any extent by these dyes, Br. abortus is typically inhibited by tlRonin, 
not by fuchsin, whereas Br. suis is inhibited by fuchsin but nbt by 
thionin (see Table, p. 283). Methyl violet, 1 : 50,000, and pyronin, 
1 : 100,000, give results similar to those with basic fijchsin (see table). 

These dye-sensitivity tests can be carried out in the following ways: 

A. Cruickshank’s method. This method is useful in laboratories 
where an occasional strain is examined. 

Sterilised strips of filter paper (6 by 0-5 cm.) are impregnated with 
the dye solutions, dried and stored for future use; the following con- 
centrations have been found satisfactory: thionin 1: 600, basic fuchsin 
1 : 200. The stiips are placed in parallel on the surface of a plate of 
liver-infusion agar and then covered by pouring the same medium 
(melted) over them to form am additional layer. Stroke inoculations 
from cultures of the strains to be tested are made at right angles to the 
strips. After incubation in 5-10 per cent, carbon dioxide for two to 
three days the results can be determined as follows: if the organism 
resists the dye it grows across the strip; if sensitive, growth is iidiibited 
for some distance (up to 10 mm.) from the strip. 

B. Huddleson’s Method reconunended 
by the FAO/WHO Brucellosis Centre, 
Weybridge, Ei^;land. — Useful for frequent 
examinations or researdi purposes. 

Each dye is added to serum dextrose 
agar at 50° C. to give a final concentration 
in each case as follows: basic fiudisin 1: 
25,000; Thionin 1:50,000; Methyl Violet 
1:50,000; Pyronin 1:100,000. The two 
latter dyes may be useful but are not 
normally used. 

Fig. 18. dye-agar mixture is poured into a 

Petri dish and allowed to solidify. Suspensions of the ui^own strains 
in the snurath phase are inoculated on to a quarter of each plate* five 
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strokes being made, conunencing fircncn tibe edge and working inwards 
without re oh a igtng the loop so that the smallest inoculum is made 
nearest the centre (see diagram). Known strains are induded Ri 
controls. By using five inocula of different sizes there is less likelihood 
of unsatisfactory results deriving from an inoculum which is eidter too 
large or too small. The plates are inoculated in an atmosphere of 
10 per cmt. CO 2 for five days. 

4. Urease Activity. — ^Another useful differential test, thm^ one 
of limited value unless correlated with other tests is afforded by the 
urease activity of Br. abortus Br. suis. One ml. of a buffered 5 per 
cent, urea solution (pH4) containing phenol red as an indicator is 
inoculated with a loopful of a 48-hr. culture of the unknown strain 
grown on a solid medium. The tubes are incubated at 37° C. in a water 
bath and readings made after 15 min., 30 min., 1 hr. and hourly there- 
after until a pink colour develops indicating a positive result. In 
general Br. ab^us requires 2 hr. or more for the pink colour to develop 
whereas Br. suis gives a positive result in 15-30 min. Br. meUtensis on 
the other hand gives variable results sometimes resembling Br. abortus 
and sometimes Br. suis. 


-- 
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requirement 

H,S 

production 

(days) 
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1 Br. meUtensis 
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+ 
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Br. abortus . 
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120 or more 

Br. sms 

(American strains) 

- 

+ + 4-+ ++ 4- 4- 
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4- 
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Danith straina of Br. suis are similar to the American strains but do not produce HfS. 


Antigenic Characters. — Br. meUtensis, abortus and stds show a very 
close biological relationship. Direct a^lutination tests with antis«» 
fail to distinguish between ^em. A^lutinin-absorption tests, however, 
elicit a difference between Br. meUtensis on the one hand and Br. abortus 
and Br. sms on the other; but the two latter caimot be distinguished 
serologically. This difference in antigenic constitution is quantitative 
rather than qualitative. Thus, the three species possess two similar 
antigenip constituents A and M though in different proportions, one 
constituent being dominant in Br. meUtensis (M), while the otiier 
predominates in Br. abortus and Br. suis (A). 

For the practical identification of the two serological types of 
brucella, agglutinating sera absorbed with the heterologous orgiuaisms 
respectively are used, the absorbing dose being adjust^ accords^ to 
the titre of the serum so that the minor agglutinin is removed wx&mt 
substantially altering the major agglutinin. These tibsotbed sera are 
|uonospecific and aggl utina te only strams in vdiich the particBlar imi%cn 
is dominant (Ham^n & Hardy, 1950). 

F«mdtibn.----While typical, virulent bmoellae piodjoce edk^uea 
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are smooth and transparent, growth on laboratoxy media tmilts kx 
mutation to a rough of colony with a corref^nding loss of vxnxU 
ence; mucoid colonies may also appear. The organisms also chai^ 
antigenically so that they are no longer readily agglutinated by homo- 
logous sera. Rough variants are recognised by their ability to ag^ut- 
inate in acriflavine solution (demonstrated by the slide-agglutination 
test). It has been suggested that the susceptibility or resistance of an 
individual animal may be determined by the presence or absence of 
factors in the serum which suppress rough variants thus favouring the 
more virulent smooth types. Resistant individuals do not have this 
serum factor and the smooth to rough (avirulent) mutation readily 
occurs (Jawetz, Melnick & Adelberg, 1962). 

Epidemiolo^. — In the Meditteranean littoral and islandsi a con- 
siderable proportion of goats are infected with Br. melitemis and most 
of the infected animals excrete the organisms in the milk, in thcWaginal 
mucus and in the urine, thereby disseminating the infection. Certain 
types of sheep are susceptible to Br. melitensis and in France, the 
Middle East and the U.S.S.R. these animals also constitute reservoirs 
of infection. Cattle too may carry the organism. In those coimtries 
cases of brucellosis occur mostly in the rural population, among persons 
who come into contact with infected animals and their carcases or 
drink unpasteurised milk or consume freshly made butter and cheese 
prepared from infected milk. Br. melitensis infection of cattle has been 
reported in Great Britain, but there have been no overt cases of human 
infection traced to them. The strain is now considered to be a type 
of Br. abortus (Type S). 

Br, abortus which causes brucellosis mainly in cattle in many parts 
of the world is responsible for human infection through contact with 
infected animal discharges or through consumption of infected milk. 
The disease occurs mostly in fafming communities and among veterin- 
arians and butchers, and in these circumstances where it is mainly an 
occupational disease the incidence is highest in adult males. Although 
Br. abortus may occur in a considerable proportion of samples of un- 
pasteurised market milk, the incidence of human brucellosis due to 
the consumption of milk appears to be relatively low. Latent infections 
may however occur and subclinical infections remain unrecognised. 
In Great Britain Br. abortus is the only type responsible for human 
brucellosis as far as is known. In spite of fairly widespread vaccination 
of cattle, which has reduced the incidence of clinical abortion, the 
infection is still endemic and milk is now a major source of infection. 
Since the disease is now no longer predominantly an occupational one, 
women and children feature more in the total number of diagnosed 
cases than previously. 

Human brucellosis due to Br. sms is almost entirely an occupational 
infection arising through contact with infected p%?s or pig meat. It is 
more limited in its distribution, occurring mainly in America although 
outbreaks have been reported from other pig-reaiing countries. R 
temte to be more virulent for the human subject than Br. ab&rk^^ hut 
strains isolated from animals in Denmark are avirulent for man. 


m. 
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The bruceUae enter ibe body througb abraded ^n aurBaces, through 
the mucous memhiranes dP the alimentary mul resforatcMy tracts am 
sometimes through the conjunctiva. They enter t^ blood stream, ^ 
way of the regional lym|>hatics and subsequently loodise in vurbus 
parts of the reticulo-en^thelial system where they multiply intra- 
cellularly and produce granulomatous nodules. Surviving oipmtsms 
within dhese granulomata may cause relapses. 

Infection among laboratory workers lumdling cultures of BlW»Ua 
is not uncommon; it may occur by inhalation or via the cmytincttva 
or abraded skin. 

Laboratory Di^inous in Man 

Blood cultures should be carried out repeatedly on all stispected 
cases but are not likely to be positive in more than 30-50 per cent, of 
cases. It is not necessary to limit the tests to the febrile phase and 
at least 10 ml. of blood should be withdrawn as the organisms may be 
relatively scanty. In the case of Br. melitemis the organisms may 
sometimes be isolated from the urine. Blood cultures should be carried 
out in duplicate in glucose-serum broth, one of eadh pair being in- 
cubated in 10 per cent, carbon dioxide. Subcultures on to solid media 
are made every few days and characteristic colonies looked for. The 
broth cultures should be retained for as long as six weeks before they 
are discarded as negative. Br. meliterms and Br. suis are more readily 
isolated in this way than Br. abortus. Castaneda’s method for blood 
culture may be more successful. 

Castaneda's Method of Blood-culture in Brucella Infection . — Three 
per cent, melted agar is allowed to set on one of the narrow sides of a 
120 ml. flat rectangular bottle with a perforated screw cap; 20 ml. brodi 
are then added. 5 ml. of blood are mixed with the broth and the mix- 
ture is allowed to flow over the agar. Carbon dioxide is introduced 
by a needle through the perforation in the cap to yield a 10 per cent, 
concentration. The botde is incubated in the upright position, and 
the agar surface is examined daily for colonies; if no colonies are seen 
in 48 hours the blood broth is allowed to flow gently over the 
by suitably tilting the bottle, which is again incubated in the upright 
position. If Brucella is present in the blood, colonies can usually be 
observed within a week. 

A positive agglutination reaction may be elicited after sev«i to ten 
da^ from the onset of the illness. Serum dilutions from 1 in 10 to 
1 in 1,280 or more should be tested against carefully sta n d ar dised 
antigens obtained from FAO/WHO brucellosis centres. Trats are 
incubated at 37® C. for 24 hours and recorded as follows: 

+ + 4* + (complete agglutination and sedimentationt i.* IW per 
cent, or water clear). 

+ + + (about 75 per cent, clearing or nrarfy complete i^utiisa- 
tion and sedimentation). 

4- 4* (about 50 per cent; dearmg and maihed sedmamtathHo); 

4- (about 25 per cent, dearing nod distiiict aedimMtidton).' 
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A niore dilute antigen 8u^>ension as used by the Public Healt|t 
Laboratories in England gives agghitinarion titles of a someivhat M^er 
level tluui die standard antigen referred to idrove. The imilts of teste 
witb &e two antigens are odterwise comparable. 

In scmie cases of brucdlosis, the serum a^utinates the brucella sus- 
pension in high dilutions, e.'g. 1 in 1000. On die other hand low or 
apparendy negative results, e.g, less than 1 in 80 may be given by sera 
from individuals showing clinical evidence of infection. Further tests 
may reveal a rising titre and be more conclusive. Very rarely a positive 
blood culture has been obtained in a clinical case showing a native 
agglutination reaction. With dironic brucellosis the titres may fall 
during the active period and be absent even whtm the patient is still ill. 
The complete absence of agglutination therefore does not mle put the 
possibility of infection. 

The sera of some individuals contain a substance which prevents or 
“blocks” agglutination of brucella organisms by specific agglutinins. 
False negative reactions may occur when such sera are tested for 
diagnostic puiposes. This may result in a proxone up to 1 in in 
high titre sera. The substance is heat-labile and can be completray or 
partially inactivated by heating the serum at 55° C. for fifteen to thiity 
minutes. Other methods of obviating this “blocking” effect in diag- 
nostic tests have also been described, e.g. by using an anti-human 
globulin serum, as in the Coombs test for rhesus antibody (Wilson. $ 
Merrifield, 1951) or by using 5 per cent, saline as a diluent ini dia 
agglutination test. 

It should be noted that sera from persons without charactemtic 
symptoms may agglutinate brucellae in low dilutions. This may be 
due either to a latent or to a past infection. Agglutinins for bniceUa 
organisms may be present in the serum of persons who have been 
immunised against cholera. Ot^er non-specific agglutination reactions 
may be due to the use of suspensions of rough strains of brucellae. 
After recovery from brucellosis the antibody level falls fairly rapidly 
to low levels. 

An International Standard Anti-Bntcella abortus Serum containing 
1000 Units of antibody per ml. is obtainable from FAO/WHO brucel- 
losis centres. It has been recommended that results of ^glutination 
tests should be stated as fractions of the titre obtained when the same 
method is applied to test the International Standard Serum. For 
example, if tihe techniq|ue used results in a titre of 1 in 500 for the 
standard serum and 1 in 40 for a serum being tested, then since the 
standard serum is known to contain 1000 unils per ml., the test serum 


•will have 


1000 x 40 . 
500 ’ 


80 units of antibody per ml. 


By reporting 


in this way the results of different laboratories using varying techniques 
may be strictly comparable (WHO, 1958). 

Sk^ The intradermal injection of a kffled suspension of 

Brucella or of a purified mctract “Brucelliii” may elicit a delayed 
tuberculin-Uke allergic reaction (minimum diameter 5 mm. 
tkm) which may mean past or presteit infiecrion. However, non- 
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Specific positive reactioits may occur so that dm test should not per $e 
^ accepted as diagnostic. , 

Chmo^iert ^. — Bruodht infections respond best to. a oombiao^ipB 
of streptomycin and tetracydine, contiaued for a period of two to 
three weeks. Successful results by combined therapy with stre^unycin 
and sulphonamides have also been claimed. 


Laboratory Diagnosis in Animals 

The agglutination test with the serum of supposf^ infected 
animals and standardised brucella suspensions has been used in diag- 
nosis. R^ults in which 50 per cent, agglutination occurs in dilutions 
of 1 in 40 or over are generally regarded as positive. 

The wilfe ring test (MRT) is a very sensitive means of detecting 
agglutinins in milk samples. The technique is given in detail in 
Chapter 55. 

Since a positive reaction may occur in the milk of cows vaccinated 
in adult life with the avirulent strain of Br. abortus S19, positive 
milk ring tests should be confirmed as being the result of infection 
either by culturing the organism directly from the cream or by in- 
ocuktmg guinea-pigs with cream and the deposit after centrifuging the 
milk. A convenient confirmatory test is the tohey-s^luHmtion test 
whidh is rarely affected by vaccination of cattle prior to breedii^ age. 
The technique of this test is given in Chapter 55. 

In aninoals that have aborted, the organism can be demonstrated 
microscopically in the uterine discharge^ shortly after calving and also 
in the stomach contents of the foetus, and can be cultivated by die 
methods referred to above. Inoculation of a guinea-pig may be resorted 
to for demonstrating and isolating the organism; the inoculated animal 
is killed after 6 weeks, cultures are made from the spleen and the 
blood serum agglutinin titre is determined. The inoculation test is 
also utilised for demonstrating the organism in milk. 

Insmumsation. — Certain' attenuated strains of Br. abortus, e.g. S19, 
used in the living state as vaccines have been shown to produce an 
effective immunity against brucellosis and are applied practically in 
controlling the disease in herds of cattle. In view of the fact that 
vaccination in adult life may result in serum antibodies which oonftise 
any subsequent serological tests it should be restricted to about the 
sixth mbn^ of calfhood. . In the majority serum antibodies do not then 
persist, although the anin^ are protected against brucellodls through 
five pregnancies. 


* A useful difibientid stain for the demonstration of Br. a6oris« in infected mateml 
u as follows : Pilute carbol-fochstn <1 : 10) is allowed to act, without heatiM, for 
^^nmimitea. The slide is then decolourised with 1 per cent, acetic add stdw^in for 
niteen seconds, washed thorough and counterstained wifo Lit^ter’s dkaline 
Diue for one minute, This sUdnins tnediod may also be used for demonstraUng the 
elementary bodies of ntitoetie dbrnmn of ewes in nnem from foe diseased cotyledons 
end chOiioo, 
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Other lypes d Brjicella 

A type of Br. abortus has been rqxnted in undulant fever in 
Rhodesia; this organism, however, resembles Br. mUtmis in its virui> 
ence for man, and its ability to grow in the ordinary atmosphere. The 
infection is derived from cattle. 

In the south-east of France, bnu^lla strains have been isolated with 
the biological characters of Br. abortus but the antigenic structure of 
Br. mlitensis. In pathogenicity they resemble Br. dmrUis. 

Br. om, a suggested new species, has been reported as being 
responsible for epididymitis in rams in Australia and New Zealand 
(Buddie & Boyes, 1953). The causal organism has also been .isolated 
from the placentae of infected ewes and from tissues of aborted lambs. 
It needs carbon dioxide for primary isolation; it does not produce 
hydrogen sulphide and it has a dye sensitivity not unlike that ofW. stds 
but is not inhibited by basic fuchsin in the usual concentratiosu. Its 
inclusion in the genus Brucella has not yet been officially accepted 
(WHO, 1958). 



CHAPTER 24 

BACTEROIDACEAE: DONOVANU 

The family Bacteroidaceae comprises five geom of medical import- 
ance. Three are simple rod-shaped cells, rarely ^eomorphic md aU 
strictly anaerobic: of these, Baeteroides and FmAaeterkm are g ie ate r 
than 0-3 n in diameter, die former having rounded ends and liw 
pointed ends: DiaHster has a diameter of 0*15 n or less. 

The remainir^ two genera of the family are hig^y pleomorphic 
rods: Spkaerophorus is strictly anaerobic whereas Str^tAadlm is 
facultatively anaerobic. 


BACTEROIDES 

There are 30 species in the genus Baeteroides and die majority have 
been found as commensals or pathogens in die mammalian intestinal 
tract. All species are Gram-negative, 2-3 n by 0‘4-0-8 it, non-sporing 
and usually non-capsulate and non-motile. 

Baeteroides firagilis 

This, the type species of the genus, is non-motile and non-capsulate, 
often showing bipolar staining: strict anaerobe; optimum temperabire 
37° C. but growth is scanty and the colonies small, greyish and irregular 
in oudine. Gelatin is not liquefied and various carbohydrates are 
attacked without the evolution of gas. This species has bera found in 
appendicitis, urinary tract infections and septicaemias in man; some 
strains produce subcutaneous abscesses when injected into guinea-pi^, 
rabbits or mice. All strains are resistant to pencillin and soisitive to 
the tetracyclines. 

Fusobacterium 

There are six members of this genus but only one, Fmdmtarkm 
fusiform is of proven pathogenicity for man. It is a concomitant (rf 
BorreUa vmcenU in Vincent’s angina and in other necrotic inflammatory 
conditions, e.g. gingivitis, stomatitis. Cluuacteristically Ftmbaeterum 
fusiform is a large (5-14 it by I it) non-motile, dgar^ahaped badiflus*, 
the centre of the bacillus oft^ stains less deeply than the main botfy. 
It is striedy anaerobic and grows only on mrit^ed media, e.g. serum 
agar, and even then grows poorly; aft^ 36 hr. incubi^on cohmies am 
only 1-2 mm. in (uuneter, high convex and wida a legslar edge. 
Isolation is very diflicult owi^ to dre admixture ^ Rage numbers of 
other organisms pretont in pathogenie material fixon me buemd cavi^. 

Dialister 

Both mmbers of tins genus have bem foumi in the respirmniy 
tract usui^ in eases sidforirg from influenza. Dudater pmamotbstu 
DiaUtiff gramd^mtsm am mkioiQ 0 |>i»l% 
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rods not more than 1 ft by 0-5 ft — ^frequently smaller* Gram-negatiYe; , 
iion*-Gapsulate, non-motile and non-sporing. Colonies on agar and 
blood agar are minute, transparaat and have an entire edge; the 
optimum temperature is 37® C. and aldiou^ both ^species prefer 
anaerobic conditions, DiaL granuUformans is less strictly anaerobic. 

Neither produces indole but IHaL granuUformans produces add from 
glucose, sucrose and mannitol while Dial, pneumosintes utilises only the 
first of these substrates. Both species are pathogenic for rabbits and 
intratracheal inoculation may give rise to fever, sometimes conjunctivitis 
and a mononuclear leucopoenia. 

%diaeropIioru8 necrqphorus {Fusiformis necrophorus) 

This is the type-species of the genus Sphaerophorus which |Com- 
prises 18 species; all but one {Sphaer^horus bullosus) are non-ntotile. 
All members are Gram-negative, straight or slightly curved roc» and 
are markedly pleomorphic. They are anaerobic and found variously 
as commensals in the mammalian intestinal tract; some are recog^sed 
pathogens. Sphaer. necrophorus is responsible for diphtheritic \\and 
necrotic lesions (“necrobacillosis”) in various animals, e.g. gangreiious 
dermatitis of equines, calf diphtheria, foot rot of sheep, necrotic 
stomatitis of pigs, lung abscesses in various domesticated animals, 
labial necrosis of rabbits. 

Morphological and Cultural Characters. — The organism is extremely 
pleomorphic and may appear in the form of elongated slender filaments 
varying in length, sometimes measuring 80 to 100 ft. Branching has 
occasionally been described. The filaunents are Gram-negative and 
show a characteristic beaded appearance when stained by the ordinary 
stains. In addition to the filamentous form, the organism may be seen 
as small Gram-negative bacilli. Growth is obtained at an optimum 
temperature of 34®~36° C. on t^^rum agar under strictly anaerobic 
conations. The colonies are small, white, opaque disks with projecting 
wavy filaments. Cultures yield a characteristic “cheese-like” odour, 
especially in a milk medium. Indole is formed. Gelatin is not lique- 
fi^. A thermostable necrotising endotoxin is produced. 

For diagnostic purposes stained films made from the edges of the 
necrotic tissue are examined. 

Direct cultivation is difficult owing to the large numbers of other 
organisms present in the lesions. Pure cultures can be obtained readily 
by inoculating rabbits or mice with the necrotic tissue and isolating 
the organism on serum-agar from the inoculated animal at autopsy: 
death usually occurs in 1-2 weeks. 

Pnthograesis* — Human infections with this Qrpe of organism are 
probably commoner than was at one time realised. Localised lesions 
in the drin and subcutaneous tissues are found particularly in workers 
who are obliged to handle infected animals; veterinary surgeons, meat 
inspectors, laboratory technicians and butchers are liable to this in* 
especially w^n there are Mxiall abrasions of the skin on 
Ulceration of the throat, often after tonsillectomy, and pitrul«*'^ 
phj^vitis after dental extractions, are also manifestations of the infec- 
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tioxi* A and more important group of cases occur followfaig 
abortion and less frequently ^ter normal childbiith; puerperal fever 
due to suppuration in the genital tract or a suppurative thromto 
phlebitis results. After surgical operations on the abdomen the^ 
organisms may cause peritonitis and are sometimes associated Vrith 
sloughing of the edges of the incision. Occasionally appendicitis and 
urinary infection are associated with the organism. Another i^orttmt 
group of cases suffer from empyema with or without lung abscess 
tion. In severe infections with Sphaer. n$cit^^]^iofus and also 
members of the Bacteroides ^up, septicaemia or pyaemia may follow a 
suppurative thrombophlebitis, j^cterial endocarditis has been reported 
and widespread abscess formation, osteomyelitis, purulent meningitis 
and suppurative arthritis may occur. The organism is sensitive to 
penicillin, moderately sensitive to chloramphenicol and relatively 
resistant to streptomycin. 

Streptobacillus moniliformis 

This organism occurs as a normal inhabitant in the nasopharynx of 
wild and laboratory rats and is the cause of a spontaneous disease of 
mice characterised by multiple arthritis often involving the joints of 
the feet and leading to swellings of the feet and legs. It is also the cause 
of a proportion of cases of “rat«bite fever” in man. Although the 
organism is usually introduced through a bite, this history cannot 
always be obtained; in some cases the infection seems to be acquired 
by the ingestion of contaminated food. A group of cases in America, 
characterised by fever, multiple arthritis and an erythematous eruption 
(Haverhill Fever), was shown to be associated with the organism which 
was swallowed in contaminated milk. 

Morphahgy and Staining , — ^The organism is a Gram*negative» 
pleomorphic bacterium, occurring as short rod-shaped forms (1-3 
by 0-3-04 ft) or as elongated filaments which are either undivided or 
consist of chained bacilli. They may show characteristic fusiform, ovid 
or spherical enlargements sometimes projecting laterally from die 
filaments; non-capsulatc and non-motile. 

Cuhural Characteristics . — Growth can be obtained in tibe presence 
of blood, serum or ascitic fluid, and a high proportion of blood or serum 
is required in the medium. Ldffler’s serum serves well for cultivation^ 
The colonies are small (1 mm.). Viability in culture is feeble and cut* 
tures die in 2-4 days* 

On solid media, after 2^3 days’ incubation, raised grsmiaa: 
colonies 1-5 mm. in diameter develop* Adjacent to these, and best 
seen with the plate microscope, a varis^bie number of imnuie 
01-0*2 mm. in diameter may be Sfimi^they gmw into die dbptha 
the medium and om only be by excising a small portion of 

the agar. Thei^itaiaU colonim cm 

the fonxii^ or phase” of die organism’s growth; they consist 
^rinly of very small coccoid or coccobacillary element tot larger aiid 
hizarre forms may be present 

oiganiams are extronely resistant to penidllm, while the 
streptobaciii are very sensitive to this antibiotic* However, bodi forma 
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have identical fermentative propertieB and one andgen i$ common ip 
them. L forms lack an antigen present in tibe streptobaciUiiB and thi^ 
have little or no virulence for laboratory animals. It is now generally 
accepted that L forms are variants of StreptchadUus mmdUfomis in 
whi^ there is a defective mechanism of cell wall formation. It should 
be noted that L phase variation occurs spontaneously to a greater or 
lesser extent with all strains of Str^tobadllus mmdUfomis. In other 
bacteria where L phase dissociation is recognised, abnormal cultural 
conditions are required to induce the production of L-type colonies. 

In morphology and mode of reproduction L phase organisms have 
many similarities to the pleuropneumonia-like organisms (mycoplasma). 

Mice are susceptible to experimental inoculation and develop either 
a rapidly fatal generalised infection without focal lesions or a more 
slowly progressive disease with swelling of the feet and multiple mfiam- 
matory lesions of joints. \ 

Laboratory Diagnosis . — In the human infection the organinn has 
been isolated by blood culture, and from joint fluid in cases with 
arthritis. In fluid culture, colonies of the organism take the fcW of 
**flufF balls” situated on the surface of the sedimented blood cells.\ 

It should be noted that another type of rat-bite fever (Soduku) is 
caused by Spirillum minus and clinically may be indistinguishable from 
that caused by Streptobacillus monUiformis. (see p. 270) 

Donovania granulomatis 

(Calymmatobacterium granulomatis) 

This organism, whose biological relationships are still doubtful, is 
responsible for a chronic granulomatous disease (“granuloma venereum”) 
ob^rved in tropical and subtropical countries. The initial lesion is on 
the genitalia. In the mononuclg^r cells of the lesions the organism is 
seen as a small Gram-negative pleomorphic bacillus (1 to 2 ^ in length). 
It may show polar staining and appears to be capsulate. Extracellular 
forms are also observed. The oi^anism has proved difficult to cultivate 
on the usual bacteriological media, but cultures have been readily 
obtained in the yolk sac of the chmk embryo; after adaptation, growth 
can be obtained on enriched artificial media. Laboratory animals are 
not susceptible to inoculation, but the disease has been reproduced in 
man by inoculation with yolk sac cultures. The organism is not filter- 
able. Sterilised cultures yield an allergic skin reaction in infected per- 
sons, and give a complement-fixation reaction with patient’s serum. 
A capsular material has also been found to Sx complement with sera 
from patients with the disease. The organism has morphcdopcal 
resemblances to KUbsiella and cross-reacts serologically with KMmik 
fhiimderomatis. 

It should be noted that this infection is quite dUfferent from tymphor 
gninuioma inguinale — ^and should not be confused with the latter 
disease (see p. 480). 



CHAPTER 25 

THE ANTHRAX BACILLUS 

Large straight Gram*po8ittve rods occurring in diuns winch grow 
aerobically and form heat-resistant spores belong to ^ fgam SatiSm. 
The Gram-positive properly of strains is variabk '!l^e «re 
ubiquitous and are extremely conunon in dmt so tibat a iar^ pfopdttion 
of btu^teria rontaminating coltares belong to tlua groiip. lliese 
organisms exist as saprophytes in soil, water, air and mi v^ietation— 
e.g. BaciUus mycoides and Baalim subHHs. BadBm antkadSf the 
causative organism of anthrax in man and animals is the only pathogen 
of the group, though veiy occasionally species such as B. ^HUs 
been isolated from the tissues in terminal disease. 

Anthrax is primarily an infectious disease of domestic herbivores; 
in them it occurs in various forms from a fulminating septicaemia to a 
subacute or chronic fever with localising pustukr lesions. Man con- 
tracts the disease sporadically by coming into contact widi infected 
animals or contaminated animal products. Anthrax is uncommon in 
the United Kingdom and North America but is rdativdy common in 
many other parts of the world. 


BACILLUS ANTHRACIS 

Morphoh^.—k non-motile, straight, sporing bacillus, rectai^ular 
in shape and of relatively large size— 4-8 n by 1-1 -5 ja. The bacilli 
tend to be arranged in chains end to end (streptobacilii), but may occur 
singly and in pmrs. In blood and tissue th^ exhibit a distinct capsule 
when suitably stsuned. Unlike the capsules of the pneumococcus and 
some other bacteria which are of polysaccharide nature, the ciqssde 
of the anthrax bacillus contains a polypeptide of D-glutamk add. The 
spore, when fully developed, can be seen as a re&actile oval structoie, 
central in position and of the same oross-diameter as that of the btan&is. 
Sporulation occurs readily when the organism is discharged frtmt 
body of an infected animai, and spores are a morphologicdfeatttret:^^ 
badlli when growing in artificial culture, but sp^lation does not oetsnr 
m the tissuea. After die spore is My formed, the residual pinb^Iann 
of the bacillus disintegrate and the spore b^mes a fire Miucniie. 
The spore represents a highly resistant phase of the oigankn, and duh 
survive under conditions which woi^ be unfavounhle to the y^ietadye 
form. Whe replaced in favourable conditions, die envelqie of the 
spore ruptures at one pole and^ vegetative phtM » tmtoduOed. 

the ofgat^m In the tissues is stroagty Gram-^poddve. 
In filma furepared odtures ^ staining reaction iodmdmd 
bacilli a tarhdik; oidnr cdli and die v^etathw lemiiMikof i^oiu^^ 
may be Gram-negii^ve. The spore is unstaiiied by dm ocdhiatjr 
niethodst but can be stained (hff«entu%l^spedidmeti^ ‘ 
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Methylene-blue Reaction of McFadyean. — ^This staining reaction 
luw been utilised in veterinary work for the recognition of anthtax 
bacilli in blood films. The films are made in the usual way on slMes, 
dried and passed rapidly three times through the fiame; they axe then 
stained with polychrome methylene blue for a few seconds, washed and 
dried. Between the bacteria an amorphous purplish material is noted, 
representing the disintegrated capsules of the organisms; this appear- 
ance is characteristic of the anthrax bacillus. 

Cultural Characters . — ^Aerobe and facultative anaerobe; tonpera- 
ture range, 12°-45° C. ; optimum, 35° C. ; grows on all ordinary media; 
aerobic conditions are necessary for sporulation, for which the optimum 
temperature is 25°-30° C. Germination of spores takes place under 
both aerobic and anaerobic conditions. Rapid germination oclmrs in 
the presence of certain amino acids such as adenosine, /-alanine and 
/-tyrosine. \ 

Colonies on agar — white, granular, circular disks (about 3 x^. in 
diameter after twenty-four hours’ growth) which, under the low power 
of the microscope, show a wavy margin, often likened to locks of hair, 
and presenting the “medusa-head” appearance. The colony is one 
continuous convoluted thread of bacilli in chain formation. 

Agar stroke — ^thick, white, opaque, somewhat dry, friable growth 
with irregular ei^es, showing the same microscopic characters as the 
colonies. To the naked eye this growth presents a ground-glass 
appearance. 

Gelatin stab — a line of growth along the wire puncture from which 
fine lateral spikes radiate, longest towards the top. This is the so-called 
“inverted fir-tree growth”; liquefaction occurs later, starting at the 
top of the growth. 

Coagulated serum is partially liquefied. 

Broth — growth develops as white flakes which sediment, and some- 
times shows pellicle formation. 

On blood agar the anthrax bacillus is only slightly haemolytic as 
compared with the saprophytic members of the genus, which are 
markedly lytic. 

Variation . — Capsule formation is subject to variation, and when the 
capsule is absent or imperfectly developed the colonies tend to be moist 
and slimy and may be devoid of the characteristic wreathed mai^ns. 
This is well sewi in cultures which have been attenuated in virulence 
by growth at temperatures above the optimum, e.g. 42°-43° C., as in 
Pasteur’s method of attenuating the organismJor prophylactic vaccina- 
tion. 

The t 3 rpical colony, as described above, is of the “rouf^i” fwmi; 
the variant is snudl, “smooth” and without the characteristic wreatih^ 
appearance, while the bacilli in this type of colony are arrai^ed in 
bundles, not in a convoluted chain. Virulence is associated irith the 
“rcwigh” form, the “smooth” variant being relatively avirulent 
, Fwit/Kty.— -The vegetative cells are as susceptible as othtf iw®' 
^ring bacteria. The thermal death-point is alx^ 60® C. for half an 
hour. The ^re is h^^y resistant to chemical and physical 
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in the eaviBHuneat, though theie a a marked atiaui variadom ia 
respect. The aporea of many atndns will re«st ^ heat at 140® C for 
gne to three houm and 100® C. moist heat (steam or boiling) for fo:## 
ten minutes. Five per cent, phenol requires several weeks to ImH & 
spores, but It 1,000 mercuric chloride destroys them in thirty minutes 
ind 4 per cent, potassium permanganate in fifteen minutes. For foe 
jisinferaon of wool a 2 per cent formaldehyde solutioa can be tiaedmid 
allowed to act for twenty minutes at 39°-40® C. Animal hak and 
bristles can also be dismfected of anthrax spores by six hours’ treatment 
with 0-25 per cent formaldehyde sc^ution at 60® G., and such treat- 
ment does not affect the colour and texture of the Tnuttyial. 

It should be noted that the usual heat fixation and stainmg of micro- 
scopic preparations from cultures of the anthrax bacillus may not affect 
the viability of the spores, and laboratory infection from handling sufo 
material has been recorded. The fixation of fil m s by 1; 1000 mercuric 
chloride for five minutes has been claimed to kill the spor^ and does 
not interfere with the staining reactions. 

Spore germination and the vegetative growth of most strains is 
inhibited by penicillin (OT /xg./ml. or less), streptomycin (O'S-2 jitg./mL), 
the tetracyclines (O-l-O-S /tig./mL), erytfoomycin (1 fig./ml), t^oram- 
phenicol (2’S-IO iig.jml.) and sulphonamides, in in vitro tests. 

BibcAomcfl/ Jjeacrioiu— Glucose, sucrose, maltose, trehalose and 
dextrin are fermented with acid but no gas production. Nitrates are 
reduced to nitrites. 

Antigenic Structure . — Three distinct ant^nic components have 
been recognised, a somatic protein, a capsular polypeptide and a 
somatic polysaccharide. 

The protein somatic antigen (protective antigen) stimulatea im- 
munity in most animals and it can be shown to be present in foe oedema 
fluid of anthrax lesions. The protective antigen is fofficult to assay. The 
usual in-vitro tests are unreliable and detection by assesnnent of its 
immunising activity in experimental animals is tefoous and not very 
sensitive. A better in-vivo method is now available based on foe follow* 
ing procedure. Protective antigen neutraUses the antitoxic activ% <ff 
anthrax antiserum and if anthrax “toxin” is subsequently added foe 
final toxic activity of the system can be measured by a skin test, in foe 
rabbit. On i^-diffusion plates a line of precipitation occurs whidi 
correlates wifo the immunisii^ activity of preparations contaiiui^ the 
antigen And this is a usdul in-vitro method. 

The capsular polypeptide is romposed mainly of D-glutamic acidt 
and this substance is found only in virulent strains. Antisera pfepated 
by inoculating atvimah* with encapsulated orgamsms react with foe 
holated pdiyp^itide which by hseiff is not an antig^ (hapten). 

^lar antibody is not protective. Polypeptides of ohratiod ffid 
inununok^foal natiire am found in o^ members of foe group. 
'I'he capsular pdlypq>tide of B. subtUis for example contains L-|^utaanc 
acid as well as the 0- form; 

. The somatic polysaccharide is combined wifo a p^de moiety con- 
Gaining ae-diamkuqiimdic acid to fmm a coa^ploc included in 'foe 
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cell wall o( the or^uusm. By itadf the isolated polysacchatide aota as 
a luq>ten aad wiU react with antisera pnroduced i^ainst the whole 
bacUhia — e.g. in precipitin reactions. antigen does not aeem to 
be associated with the virulence of the oiganism. 

Additional antigens are undoubtedly present, but as yet are tm- 
characterised. 

Pathogeaesia.— All mammals are susceptible, thoi^h to a varyii^ 
d(^[Fee. Some cold-blooded animals can also be infectedL Guinea-pigs 
and mice are highly susceptible to experimental inoculation. If a 
guinea-pig is injected subcutaneously with pathological material con- 
tainmg the bacilli, or cultures, the anunal dies, usually within two days, 
showing a marked inflammatory lesion at the site of inoculation and 
ext(^ive gelatinous oedema in the subcutaneous tissues, i Large 
numbers of the bacilli are present in the local lesion. The animal 
exhibits a profound septicaemia and the anthrax bacilli are pr^^t in 
large numbers in the heart blood and in the capillaries of the intemal 
organs. They are specially numerous in the ^leen, which is enlarged 
and soft, and in the kidn^. With virulent strains the LD50 by the 
subcutaneous route is of the order of five bacteria or less. « 

Experimental production of anthrax by inhalation of contaminated 
aerosols has also been studied. Spores deposited on the alveolar walls 
are taken up by phago<^es and carried to the tracheo-bronchial glands. 
Infection sprrads via the lymphatics to the general circulation. The 
LD50 is about 20,000 organisms if the particle size of the aerosols is 
less than 5 ft, since the smaller particles are more likely to penetrate in 
die air-stream to the alveolar walls, but is much higher if the particles 
are larger. 

Infection of some species of animal may be produced by the oral 
route with a relatively large number of spores (e.g. lO*'®), but guinea-pigs 
are resistant to infection by this route. 

The pathogenesis of anthrax was obscure for numy years. No lethal 
exo- or endo-toxins could be foimd in artificial cultures of the 0 ]|;anism 
and it was believed that death was due to the massive terminal septic- 
aemia; the bacilli were thought to block the capillaries and exhaust the 
tissues of essential nutrients and oxygen. The absolute number of 
or^nisms, however, is not all important because after a certain stage 
of the disease control of the septicaemia with antibiotics will not prevmt 
death and partially immunised animals die with greatly reduced numbers 
of bacilli in their blood. It is now recognised that the virulmce of 
B. aiUkracis is determined by at least two_}iimonnected fai^rs—an 
exttacellular toxin and the capsular ploypeptide (Smith, 1960). IV 
toxin, lethal to experimental animals on intravoious injectioa and 
evok^ extensive oedema when injected intradermaUy, pibduett 
dy^;aemic shod; in infected animals and it is now recognia^ that this 
is the cause of death. It was first detected in riie atmle phiwma^ of 
gmnea-p^ dying of anthrax, but it has now been produced ns 
and consists dt at least three practically non*toxic cmuponeiris uhicb 
ad ^neigistically (Stanky & Smith, 1961). 

The anthrax badlhis produces an q^aootic disease in hecbivoious 
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inixoaiSf {igitscubrly amoisg shee^ mi cattle^ but ao species is com*^ 
pletely immusie. The coai^tion is tisudly septicaemic m natuie, and 
post-mortem the badlU are found in large numbers in the heart blobdi 
and internal organs, especially the spleen, which is enlarged and s<^ 
[splenic fever). Subacute and chronic disease also occurs in aiuimds as 
io localising pustules which are analogous to the mah^iant pustule in 
tnan. In animals the portal of entry is the mouth aim intestinal tract, 
the spores being ingested with coarse vegetation which pro1^b%^ pr^ 
disposes to trauma of the mucosa. 

The spores germinate at the site of entry and the vegi^ative cells 
produce * 'toxins’* leading to the formation of gelatinoia» oedema and 
[laemorrhage. In the susceptible animal the bacilli resist phagocytosis 
uid reach the l 3 rmphatics and thence the blood stream. Before deafo 
the bacilli multiply freely in the blood and tissues. In the resistant 
animal there is a more profuse leucocyte response with phagoc 3 rt 08 is 
and decapsulation of the organism. 

In man infection is acquired from animal sources, usually through 
damaged skin or mucous membranes, or more rarely by inhalation of 
spores into the lungs. Infection thus occurs most commonly through 
the skin in persons such as farmers and veterinarians handling infected 
animals, or among dock workers, factory workers and farmers from 
handling carcases and hides, animal hair and bristles, shaving-brushes, 
feeding-stuffis, bone-meal, etc. The resulting lesion is usually described 
as a malignant pustule. This starts as a papule and becomes a blister 
within 12-48 hours and then a pustule with an increasing area of in- 
flammation depending upon the resistance of the host. Coagulation 
necrosis of the centre results in the formation of a dark-coloured esdhar 
which is later surrounded by a rii^ of vesicles containing serous or 
sero-sanguineous fluid, and outside this is an area of oedema and 
induration which may become very extensive. 

Infection may result from inhiadation of spores carried in dust or 
fiiaments of wool from infected animals, as in the wool factories— 
‘Vool-sorter’s disease”. The organisms settle in the lower part of Ae 
trachea or in a large bronchus, and an intense inflammatory lesion 
results, with haemorrhage, oedema, spread to the flioradc glands, 
involvement of the lungs, and effusion into the pericardial and pkurat 
cavities; the organisms are present in considerable numbers in the 
lesions; a septicaemic condition or a haemorrhagic mmingitts may 
supervene. 

Infection may occur by the intestinal route, but this is tdnAvtfy 
^common except in primitive societies usixig infected intimsis for food 
in which outbre^ with a high mortality may occinr. ; 

Epidemiology* — ^Anthrax is ptiimr% a diseam of 
IS only secondarily infected^ llie world incidence of human 
estimated in 1958 at between 20,000 and 100,000 cases annually. 

In the tenxunal sti^ of die disease in animals the bacilli are {uneaent 
in very Imi^e numbers in fiieoes, urine and safiva, and these ma^ con- 
^^^ninate ground and pasture and be ingested dtrecdy by otiber ammsh, 
fliough dumt spread of this type is rare, Pasturage may also be mn- 



298 MEDICAL MICSDBIOLOOY 

tamitutted from the carcases of dead animab. Hie yqi*etative odls 
rapidly sponilate mid the spores remain viable for many years, constipi. 
ring fod of soil contamination. The spores are ingested by catde and 
dieep, pass the stomach and invade die small-intestine mucosa of the 
new hosts which serve to perpetuate the disease. In the United King- 
dom the disease is sporadic amongst cattle and is commonest in the 
winter months when it can usually be traced to imported feeding-stufis 
diat have been contaminated with anthrax spores, especially bone-meal 
imported from areas where animal anthrax is common, e.g. the. Far 
East (Jamieson & Green, 1955). 

In countries where the disease is relatively rare in animals, industrial 
anthrax from contamination with imported materials is the commonest 
form of infection in man. In general, the infectivity of the /anthrax 
bacillus for man is not of a very high order and when a case ofl anthrax 
occurs in an industrial establishment, spores of the bacillus are often 
widely distributed and in large numbers in the environment. In 1958 
Liverpool Docks handled over 6000 tons of d^ hides and whpn dis- 
charged from the ships one-quarter of the hides were found\ to be 
contaminated with anthrax spores (Semple & Hobday, 1959). Never- 
theless, anthrax is very rare amongst the hide handlers, only 6 cases 
having been recognised in 5 years. Cutaneous anthrax is by far the com- 
monest human lesion. In the 17 years up to 1960, 109 cases of human 
anthrax were reported in New York State and in all but two instances 
the patient suffered from malignant pustule (Miller, 1%1). Pulmonary 
anthrax, common in Great Britain and Germany as wool sorters or rag 
pickers disease in the nineteenth century, is now rare and the 1957 
outbreak in New Hampshire is claimed to be the first in the twentieth 
century (Brachman et ah, 1960). In this small epidemic there were 
5 cases (4 fatal) of inhalation anthrax during a 10-week period in a mill 
processii^ imported goat hair.* ^During handling there was an excessive 
amount of dust and &e air contained large numbers of anthrax spores. 

Laboratory Diagnosis 

Malignant Pustule . — Films are made from the exudate and stained 
by Gram’s method; the finding of bacilli morphologically like B. 
OH^acis is suggestive but not conclusive. If there are tmbrokm 
vesicles round toe lesion, fluid from these should be exanined. 

Successive-stroke inoculations should be made on an agar plate. 
The resulting colonies are recognised by examinii^f them wito the low 
power of toe microscope, and films are made and stained by Gram’s 
method. Spores are noted in cultures. 

In all cases the identity of the suspected organism inust be (on- 
firmed by inoculation of a guinea-pig or mouse wito exudate from the 
lesion, or wito the isolated ^ture. A small dose of culture is sufficimt 
to produce a lethal effect The occurrence of the bacilli in toe heart 
bk^ and in toe spleen in considerable numbers, and toe otoer post* 
mortem af^warances described above, ate dii^^nostic. In canyhig out 
the post-mortem exunination every precaution toould be ofastttvcto " 
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exudate used for iooculation eoatains Otiier org anisms, it is 
inocul^ it «» a scarified area of skin in prrference to sabcutaneous 
injection, ... ... 

Diagnosis of Antkfax in Domestic Animals {p(at-mortem). — ^Tbe ustud 
form of post-mortem examinationmust not bein^e,inordertoi«erattafty 
distribution of sporing bacilli from the carcase. In the body no viola- 
tion occurs, but spores are readily formed when the barilli are eiv**^ 
to air. Films of blood taken from a superfidal vein in the «l» «« 
prepared, and stained by Gram’s method and by McFadyean^ melhy- 
lene-blue melhod {vide supra). The fmdii^ of characteristic in 

the blood giving the methylene-blue reaction is divostic. In pigs and 
horses the bacilli may not be detectable in the blood. If necessary, the 
organism can be oiltivated and identified by die procedure described 
above, a specimen of blood from the ear being used for the investigatkHi. 

Isolation of Bacillus Antkrads from Hmoily Contaminated Material. 
—If the material {e.g. hair, hide, tissue, bone-meal) is heavily con- 
taminated, shake a portion with water and allow it to stand for three to 
four hours with occasional shaking. Squeeze or tease the material uid 
heat the supernatant fluid to 70° C. for ten minutes. Add different 
volumes (0-2 ml.-2-O ml.) of this fluid to melted agar, pour plates and 
incubate at 37° C. for 12-15 hours. It is essential to examine the plates 
early. Examine for deep colonies which have a typical filamentous 
appearance sometimes likened to knotted string. A rich culture 
medium is essential and plates should not be too crowded with cotenies. 
Confirmation is obtained by inoculation subcutaneously in the mouse 
or guinea-p^. 

For direct isolation by animal inoculation centrifuge 50 ml. (or 
more) of the heat-treated fluid described above at high speed (3000 
r.p.m.) for fifteen minutes. Discard the supernatant and inoculate the 
residue intramuscularly into a guinea-pig which has beoi passively 
immunised 24 hours previously with CL mkhii antitoxin 1000 units. 
Cl. septicum antitoxin 500 units, Cl. oedematiens antitoxin 1000 
units and tetanus antitoxin 500 units; or a polyvalent gas-gangr^e 
serum with added tetanus antitoxin. Death due to anthm occurs in 
two to three days. Death from gas-gangrene (usmdly due to CL 
septicum or CL bifermetUcm) occurs earlier. In the latter cases aerobic 
cultures from the local lesion and spleen should be made as they may 
yield B. arOkracis. The minimum infecting dose is 30-50 spmres. ^ 

Precipitin Test. — This test was first used by Ascoli in die reoognhioa 
ef anthrax infectitm in organs and tissues from suspected canasea, sod 
<t>ay be applic^le even in &e case of putrefied material. It dvods 

the occurrteice of a specific precipitin in d» senim of an artmcialk 
iromunised animal Immune sera, however, vary in Ibalr pteq^^ 
Potent, and for the test a serum with known fned{Mtad^$««Vdies 
tiust be selected, .^mt 2 grams of the tisssue are bc^ v 
ttinutes with 5 ml. of normal mlira, to which acetic acid hasbeea dUfed 
Q the pmporrion of 1: 1000. The fluid is cooled and then flheted 
0'5 ml of the 8«mm is placed in a narrow ttdte and 
^ filtrate is tarefrdl^ rtm cm to the top. The devdofmaent widuii 
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meat minutes of a white ring of precipitate at the ju&cri(»t of Hi^ two 
fiutda denotes a positive result , 

Chemodterapy.— Most antibiotics to which the anthrax bactUus h 
amsitive in in-vitro tests have been used sucessfiilfy in the treatment 
of anthrax in man. Chemotherapeutic agotits have no effe^ upon the 
“toxins” already produced, therefore it is important to institute therapy 
as soon as possible. 

The serum of artificially immunised animals, e.g. Sclavo’s serum, has 
been used in die treatn^nt of human anthrax combined with anti- 
bacterial dn^. Doses of 50-100 mL given intravenously, and repeated 
daily if necessary in severe cases, have been tetommended. 

In animals, treatment is not often possible as most cases are not 
dttgnosed till moribimd or dead. Penicillin in large doses and chlor- 
tetracycline should be given combined with immune serum. I 

Prophylaxis and OmtroL — ^In outbreaks of animal anthrak affec- 
ted anii^s must be promptly disposed and isolated. Carcases must be 
disposed of by deep burial in quicklime or cremation to timit qporula- 
tion of the organism from the tissues and ^read to pastur^e and other 
animals. The limitation of the import of animal hides and luar to a 
single port (Liverpool), where facilities for mechanical handling and 
di^ifection are available (“Duckering”), has done much to reduce the 
danger of anthrax in the United Kingdom (see Anthrax Order, 1938). 

The eradication of anthrax in animals can be assisted by active 
immunisation procedures and numerous vaccines have been used. 
Active immunity can be induced by immunisation with either live 
attenuated bacilli, live spores or the somatic protein (protective) ailtigen. 
Vaccines of live bacilli which have been grown at 42°-43° C. were first 
introduced by Pasteur in 1881, but it ^ always proved difiicult to 
regulate the degree of attenuation of these vaccines. Live spore vaccines 
(e.g. the “Sterne” strain) prepitred from the non-encapsulated avtruknt 
baii^ were originally employed in South Africa. Protection is pro- 
duced by one dose and these vaccines, more stable and much safer than 
the Pasteurian vaccines, have now been used on a large scale. In Russia, 
vdiere 2’7 million farm animals have been immunised witih spoK 
vaccines, the incidence of accidental death from its use was about 1 in 
100,000. The spore vaccines, however, are not generally considered 
safe enough for man. Prqrarations of protective antigen are effective 
non-living immunising agents whereas ^e capsular polypeptide is not 
immuimgenic. Protective antigen is present in extracts of anthrax 
lei^ns and it is elaborated when JB. anthrads is grown, under rather 
criti^ conditions, in serum-containing or certain chemtcalfy de&ted ; 
media (Belton^ & Strange, 1954; Wright o/., 1962). 'Ubwe » * 
s^-ologkal coimection between this uit^^ and the anthrax 
toxin. ^ Alum-predpitated protective antigm is very safe, b^ 
immunity produc^ does not last as long as mat foUosring iimnoiusst^ I 
with a spore vaccine. It has been used (Bradunan tt a,, 1%2) in the 
Uait^ States to immunise woricers handling raw im|K)fted |^t hair! 
Kx injections of antigen wore given over a 19-aMX»th period ielowed bjf 
an amuial booster dose. Reactions were i^iard^ as neg^gffdeuid^ 
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^ccinc TOM (;i»ui4ered effective in protecting againtt cutaaeoaa 
anthrax. Recent work (SUem a al., 1962) uaing guinea-piga jw^ggeata 
that there ia a great inoreaae in protectibn when immuimtkm with 
protective uitigea is supplements by an injection o| a Uve Sfmns 
vaccine. 


THE AEROBIC GRAM-POSmVE SP(HtlNG BKOtM 

BIOLOGICALLY ALLIED TO BACILLUS ANTHRACS 

These organiuna are saprophyte^ and represent a large nund>er of 
different species. They are found in soil, water, dust at^ air. Bring 
ubiquitous, they are frequent contaminants of culture medhnn in the 
laboratory, and bacteriological workers should be acquainted with their 
general biological characters. 

Classical types representative of dtis group are B. subtiUs (foe “Hay 
bacillus"), B. mycoides, B. mesenteriau, B. m^ateram and B. coleus. The 
type-species in JS. subtiUs, and for convenience these organisms are some- 
times spoken of as foe “B, subitUs group”. For the detailed differential 
features of foe various species, reference can be made to Btrgt^t 
Mmtua/ o/De^rmnuitfoe jBicteriofogy (7fo edition). The general dwrao- 
ters of the commoner types met with in laboratory work may be summar- 
ised as follows, and for general purposes it is unnecessary to identify 
a particular species. 

Morphology and Staining . — Certain large-cell types tend to resemble 
the anthrax bacillus, e.g. B. mesenteriau. Others, e.g. B. cerms, B, 
mycoides and B. m^atherium, are shorter with rounded ends, and several 
motile species with peritrichous flagella ture met with, e.g. B. subiiMt. 
The spore is central or excentric, e,g. B, subtOis, B. mycoides, sub- 
terminal or terminal. It may be relatively small, not exceeding 0*8 /i, 
e.g. B. mesenteriau, or large, up to 1*8 ft, e.g. B. m^taherum. 

Cultural Characters . — ^The optimum temperature is usuaSy low, 
e.g. about 20® C., but certain types grow best between 30® and 37® C‘. 
and some are foennophilk, with their optimum temperature at 55® C.; 
they are characteristically aerobes, but, usually, also facultative an- 
aerobes; abundant growfo occurs on aU fote ordinary culture media. 
The appearance of foe growfo varies cons^rably anumg difoaent types. 
B. subtiUs produces a white, glistening, adherent, some^^t meBobnm- 
ous growth, which tends to spread, and smnewlmt simUin grcbrfos are 
seen among other species. Certain types produce oobnim and ^pwfos 
practically similar to B. assthrads, w^ foe same “medusafoeiid’' 
appearance, e.g. “B. anthracoides”. The colonieB of B. n^fcaides are at 
^ similar to those cd foe anfoxax bacilluB, but are earily difforoofoi^ 
^ foeir feathery aj^tearance, due to long projecting and brandling 
ikreads radiating out foam tiie coitral growth. The growfos tmeg be 
Ify. gummy or moist, and white, grqr^white, ydtowish iw baown. 
^>edes piodut^ a black pig^Mot have betel descefoed. On 
duuraeteristie cmtuial appearances nuiy be noted, 04. B. 
mesenteriau develops a tfaidc wrinkled or folded layer oi growfo wldicli 
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mmtt» a brownish colour. PelKde formation in broih is a ^uent 

character. Gentandly, gelatin is liquefied and 

well d^eloped. Some types ferment carbohydrates. Starch may oe 

hydi^lysed* r % e 

McGaughey and Chu (1948) have shown that of the group of 
aerobic sporing bacilli only mycoides^ B. cer^y^nd to a ras extent 
B, {tniktddsy are capable of splitting the lecitlun of cgg-yolk incorpor- 
ated in a culture medium. This reaction, which is due ^ an raz3rme, 
phospholipinase, separates them quite sharply from B.mbtim and other 
members of the group. B. ceretis is commonly found in heat-treated 
milk and it may be identified by culture on an egg-yolk-agar plate. ^ 

These organisms are usually non-pathogenic on experimental in- 
oculation into laboratory animals. 

Bacillus anthracoides . — This desi^ation has been applied to a type? j 
of organism of the above group, which in morpholop^ and cultural \ 
characters closely resembles B, anthracis and may exhibit the ‘^medusa-i^ 
head” colonies characteristic of the latter. Under certain conditioilis . 
this organism might at first be confused with the anthrax bacillus. ^ It , 
can be differentiated, however, by its motility. Colonies on blood agar 
are usually haemol)rtic (cf. anthrax bacillus). It should be noted that 
if a large dose of culture of this type of organism is injected into a 
guinea-pig or mouse, a local inflammatory lesion with oedema may be 
produced, followed by septicaemia and death. The organism can be 
detected in the heart blood and internal organs, though in small 
number {cf. anthrax). In blood or tissues it does not exhibit the 
McFadyean methlyene-blue reaction. 
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CHAPTER 26 

ACTINOMVCES: NOCARDIA: ACTINOBACIIXI^ 

Actinomyces is a genus of anaerobic or micro-aerophilic, non-acid-fast 
organisms within ^e family Actinomycetaceae. This genus is panwitic 
on man and anin^. By contrast the other genus <rf the fai^^J 
Nocardia, is comprised of members which are obligate aerobes, some (d 
which arc acid-fast and the majority are saprophytic although a’few are 
facultatively parasitic on man and certdn animals. The family Strepto- 
mycetaceae bears certain resemblances to the Actinomycetaceae and 
within the former, the genus Sireptomyces, which is entirely saprophytic 
has a particular medical significance, viz. some species produce anti- 
biotics of recognised therapeutic importance, e.g. Str^tomyces griseus 
produces streptomycin. 


ACTINOMYCES 

There are three species within this genus; Actinomyces israeUi 
which is primarily commensal and occasionally pathogenic in man, 
Actinomyces bovis which fulfills a similar role in bovines and Actinomyces 
bttudetU, the causal organism of actinomycosis in dogs and cats. 

Actinomyces israelii 

Morpholt ^. — In morbid tissues the organism forms colonies which 
are recognisable to the naked eye and are referred to as sulphur granules ; 
in early infections these are white and semi-transim«ot but develop a 
yellow colour and eventually become dark brown if the infection is not 
recognised for some time. Microscopically Actino. isKoela comprises 
a mycelium or felted mass of branching filaments which are 1 ^ diidi; 
centrally the filaments are irregularly interlaced but at die periphery 
of the colony the filaments tend to be arranged radially. The mycelium 
shows true dichotomous branching but undergoes fn^entadon very 
n^idly so that extensive branching is rare. 

Around the actinomyces colony, particularly in animal tissues, 
pyriform or club-shaped structures ^velop; originally these w^ 
thought to result from swelUng of the sheadi at the extremities d ^ 
peripherd radial filaments. It is more likely that the cIuIm rqnesent 
lipoid material deposited from the host tissues atmuKi the invadh^ 
filmimts. In human lesions club fonnadon is lew fr^eht than in 
animals; in tissue sections the dubs are noted to lie radially with thdr 
wide-end outwards and form a complete ring around the cokmy (tsy 
fungus). In animal lesions die dubs may constitute the main morpiMi- 
logical feature of older colonies owing to dqieneradon of the myodial 
elements which become fused into structurelew material in the centre 
of dw colony. In in vitro culture the mictoscopic i^pearanoes ate 
usuafiy quite diioent from the tissue fcurms; the tyi»cai mycdhim is 
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iBccnnipletie and although some b ran c h i n g filanwwtB.we aoMi nuw 
feature is of short bacillary forms closely resembling ^htl^id baafo. 

SUmmg.— The filaments are Gram-positive, 'pe dubs u^Ily 
stain Gram-negatively, but arc add-fast and can be atamed jjper- 
endally by Ziehl-Neelsen’s method, using 1 per cent m place of 20 per 
cent HjSO* for decolorisation. . 

Cutaural Characters.— haaaohic or nucro-aerophihc conditions are 
required for growth which is also favoured by an increased concentra- 
tion of carbon dioxide. The optimum temperature for growth is 37 C. 
and growth does not occur at temperatures much below the optimum. 
Although growth will occur on nutrient agM it is enhanced if blood 
i^;ar, glucose agar or 5 per cent, serum agar is employed. 

Colonies are raised, nodular, cream-coloured and opaque; they 
diow considerable polymorphism but in all cases are firmly adherent 

to the medium. y. 

A nhafe*- culture in a tube of nutrient agar reveals a characteristic 
distribution of the colonies, which are most numerous in a wtoe 
10-20 mm. below the surface, where there is only a t^ of free qigrgS|Si 
present and an optimal concentration of carbon dioxide. 

Biochemical Reactions.— Th^ are essentially restricted to sacdbaro- 
lytic anaerogenic activities against a wide range of substrates. The 
species is non-haemolytic, non-proteolytic and soluble pigments are 
not produced on protein media; neither are insoluble pigments pro- 
duced by growth. 

Antigenic Characteristics . — Strains are antigenically homr^eneous 
and quite distinct from strains of Actmo. bovis. 

Animal Patht^enicity . — Circumscribed tumour-like granulomatous 
lesions containing colonies of the organism have been proditoed by 
experimental inoculation of rabbits and guinea-pigs; however, experi- 
mental inoculation does not always give rise to such lesions and when 
they do occur they are neither extensive nor fatal. 

Pathogenesis. — Actino. israelii occurs as a commensal in the human 


mouth and can be isolated from tonsils and carious teetii in 5 pet cent 
of otherwise healthy individuals (Sullivan & Goldsworthy, 19M). 

Actinom3rco8is in man is essentially an infection of the cervko-fadal 
region (65 per cent, of cases) with abdominal infections (19 per cent) 
the next most common; other sites, e.g. thorax, skin are also involved. 
In human cases the lesions usually show a suppurative tendency and 
secondary infection with pyogenic cocci is conunon. The commtmest 
avenue of infection is through the mucosa of the nmuth or throat md 
fr^ue^tly the lesion is related to a carious tooth on tooth extracticm; foe 
initial infectivity of the organism is probably low and ^nie invaston may 
occur only when some additional factor, e.g. trauma, is applied. 

Metastatic lesions are liable to occur by blood-stream ^xread, 
to ^ kichi^, lung or brains or to the liver from a primary iotostinal 
lewon, «.g. in the appendix. 

t jpidwnioli^. — ^A.t one time it was thought tiiat iafecfomtiidg^ he 
Stem grain, since fragments oi the latter were oceasiaiiiatiir fioand in 
relation to the primary lesion. However Acthw!^imh a atrict 
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paivsite and iiu:a|Md}le of a saprophytic adstcnce; hence humut actiiK>- 
mycosis is now regarded as endogenous in origin. 

There are still some puzzliti^ features in the incidence of die disease; 
males are more commonly affected dian femaln (3 : 1) and althmii fr 
cases occur at all ages, most fall in the 20-29 yr. group with the 10-19 yr. 
group a close second. Between them these two decades account for 
more than half the incidence. 

Although there is no relationship with bovine actinomycosis, 
agricultural workers are more liable to suffer infection with 
israeUi than men in other occupations (Porter, 1953). 

In addition to the trauma caused by grain in probably inciting 
infection in the buccal mucosa, it has long been recc^;nised dental 
extractions may precipitate infection; similarly appendioectomy is 
often associated with the onset of abdominal infection. External 
trauma, accidental or intentional, has also been noted to precede die 
onset of the disease. 


Laboratory Diagnosis 

If the pus from an actinomycotic lesion is spread out in a thin layer 
in a Petri dish or on a microscope slide, the characteristic colonies or 
granules can be recognised wito the naked eyt. For microscopic 
examination the granules in a drop of pus are crushed between two slides. 
In this way films can be prepared and then stained by Gram’s mediod. 

The granules can easily be separated by shaking up the pus with 
water in a test-tube, allowing them to sediment and collecting toem in a 
capillary pipette. They are dien deposited on a slide and films made 
by crushing. Preparations obtained in this way are more satisfactory 
than those made direcdy from pus in which the granules may be 
relatively scanty. 

Microscopic demonstration of Gram-positive branching filaments 
arranged in ^e form of a mycelium is generally sufficient for clinical 
diagnosis. 

In tissue lesions the colonies can be reo^inised by preparing histo- 
logical sections and staining by Gram’s method, and, in the case <ff 
animal lesions, by the modified Ziehl-Neels«i method described above. 

To cultivate the organism it is essential tiiat actual granules should 
be used for inoculating the medium. For this purpose &e pus is mixed 
with sterile water, the granules are allowed to sediment or deposited 
by centti^ging and then removed with a pipette; this is repeal two 
or three times so that the granules are thorough washed. This pro- 
cedure is particularly necessary when there is mixed infectitm. Two 
blood-agar plates are inoculate with tite s^aiated granules. One is 
incubat^ aerobically, the other anaerotnc^. Tubes o£ sorted sgsr 
containing 5 per cent, serum may also be inoculated as shake cultures 
to demonstrate micro-aerophilic growth. 

Actinomyoes bovis 

Morpholofpcally similar to Aet^. in culture, colomes ate 

Us 
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smoother and softer in consistency and do not adhere to the medium. 
Actmo. bovis is more tolerant of oxygen. There is no serological 
relation between the two species. 

Actmo. bovis is commonly found in and around the mouths of 
healthy cattle and is responsible for local lesions, e.g. lumpy jaw; like 
infection in man, bovine actinomycosis may spread metastatically by 
the blood stream. 

Actinomyces baudetii 

This species was at one time thought to be identical with Actino. 
israelii. Morphologically they are distinctive in that the club formation 
associated with Actino. baudetii absorbs basic stains and not acid stains. 
The organism is micro-aerophilic, grows slowly with the production of 
dull, whitish colonies about the size of a pin-head after 4-5 days 
incubation. ^ 

Actino. baudetii has been isolated from actinomycotic lesions in ddjb 
and cats; it is not pathogenic for man or cattle. M 


NOCARDU 

Apart from the typical actinomycoses, granulomatous and suppur- 
ative conditions occur in animals and man, resulting from infection 
with mycelial organisms of the genus Nocardia. There are more than 
40 species in the genus but the majority are saprophytic; they differ 
from members of the genus Actinomyces in being obligate aerobes, 
frequently chromogenic and often acid-fast. 


Nocardia asteroides {Actinomyces asteroides; Eppinger's Streptotkrix) 

Originally isolated from a brain^ abscess. The filaments are relat- 
iv^ely broad (1 n in diameter) and very readily break up in culture into 
Canary foms. They stain Gram-positively and are slightly acid-fast. 
T^his orgamsm can be cultivated aerobically on ordinary media as a 
friable, white, dry, wrinkled or nodular grovpth, which later becomes 
pigmented (yellow or pink). 


Nocardia &rciiiica {Actinomyces farcinkus or nocardu} 

The org^ism of bovine “farcy”, in which superficial lymph glands 
bec^e swollen and ulcerate through the skin. 

The or^sm shows mycelium formation, but in culture it readily 
fragments into shorter bacillary and oval forms. A feature of Ac 
SStK, n irregular appearance of the filaments when 

add anJ 1 “ Gram-positive; some strains are strongly 

^d- and dcohol-fast whilst others are completely decolourised. It 
grows aerobicaUy at 37“ C. on ordinary rnedia,^ producing raised 
m^^ ^^**^'’’’^^*** wlonies after 2-3 weeks. On Lowenstein’s 
^ coloTiien tqipear after 4-5 days’ in- 
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Guinea-pigs are susceptible to experimental inculation and develop 
nodular or tubercle-like lesions. In cattle, subcutaneous injection leads 
to a localised abscess which breaks through the skin and produces a 
chronic ulcerated lesion. Rabbits are not susceptible to inoculation. 

Nocardia maduxae 

One of the causal organisms of mycetoma (madura foot) which is an 
infective granuloma usually localised to the tissues of the foot. TIk 
condition is restricted to certain tropical or sub-tropical countries. 

In the tissue lesion and the pus, granules are noted as in actino- 
mycosis and are usually pale yellow in colour; morpholoj^Uy Noc. 
madurae resembles Actinomyces microscopically. Colonies are round 
and shiny, early growth is white but changes to yellow and eventually 
pink but pigment production is irregular and unpredictable. Other 
species isolated from cases of mycetoma include Noc. transvalensis, 
Noc. africaaa and Noc. peUetteri. It should be noted that in some 
cases of madura foot, the infection is caused by true fungi such as 
Madwrella. 


ACnNOBACILLUS 

There are four members of the genus Actmobadllus all of which are 
pathogenic for various animals and one of which, A. acHnon^cetmcomitans 
is found in human cases of actinomycosis either alone or more usually along 
with Actino. israeUi. Actinobadlli are small, Gram-negative, non-motile 
rods which rarely grow into filaments. They are aerobic and facultatively 
anaerobic although preferring micro-aerophilic conditions for primary 
isolatioir. 

Actinobacillus lignienii 

The cause of slowly developing granulomata especially in the soft tissues 
of the lower jaw and neck in cattle; lesions also develop in the tongue muscles 
—so-called “woody-tongue” disease. Unlike actinomycosis, there is little 
tendency to invade bones and spread is usually lymphatic. 

Strains of Actino. lignursd identical with those isolated from pathologjcal 
material have been isolated from bovine ruminal contents and from foe 
tongues of normal cattle (Phillips I%1; 1964) and it would appear that 
infection is endogenous in origin. 
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CHAPTER 2 

CLOSTRIDIUM 

I: THE GAS-GANGRENE GROUP 

The genus Clostridium comprises the Gram-positive spore-bearing 
anaerobic baciUi. Most species of this genus are saprophytes that 
normally grow in soil, water and decomposing plant and animal matter, 
playing an important part in the process of putrefaction. Some are 
commensal inhabitants of the animal or human intestine, and a few 
species produce disease. The latter include: CL tpelcfm, CL sepUam 
and CL oedmatiem, the causes of gas gangrene and other infection^; 
Clostridium tetani, the cause of tetanus; and CL botuUnum, the caused 
botulism. With only a few exceptions, the bacteria producing powerf|^ 
exotoxins belong to this genus. i' 

The bacilli are typically large, straight or slightly curved, rod^ 
3-8 (i by 0-6-1 /x, with slightly rounded ends. Pleomorp^m is 
common and a pure culture may contain many forms, including fila- 
ments, citron, spindle-shaped and club forms. Some members of this 
group tend to lose their Gram-positive reaction early in culture, especi- 
ally in broth culture, and may then appear Gram-negative. All pnAluce 
spores but vary widely in their readiness to do so. Information regard- 
ing the shape of the spore and its position in the bacillus is of use in 
classification. CL toelchU and the type species, CL butyricum are the 
only capsulate members. 

Almost all members of the genus are motile, but CL toelchU is an 
important exception. Some motile species do not show active motility 
under the relatively aerobic conditions of the usual wet-film prepara- 
tions. These may be examined in 'tissue fluid preparations following 
animal inoculation. A semi-solid nutrient-agar medium for the 
demonstration of motility is recommended. Stab cultures in this 
medium, freshly prepared with 1 per cent, glucose added to enhance 
anaerobiosis, should be examined frequently before excessive 
production invalidates the test. It should be noted that a non-motile 
species (e.g. CL toelchU) may show lateral spikes of growth along 
“faults” extending from the stab line, but the appearance is not likely 
to be confused with the diffuse growth of a truly motile species. 

The Clostridia are biochemically active, frequently pMsessing both 
8accharol)^c (carbohydrate-decomposing) and proteolytic (protein- 
decomposing) properti». In general, one or other of these activities is 
predominant in any one species, and two groups are tiius recognised: 

The Saccharolytic Organisms are characterised by their nqtid and 
vigorous growth in carbohydrate media with the production acid and 
abundant gas. Saccharolytic species ferment glucose and may, in 
addition, be useiWly examined for fermentation of lactbse, mai^e* 
sucrose and salicin. In routine sugar fermentation tests a *mall iw® 
nail may be conveniently included in each tube. The should not 
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proj«ct above liie level the fluid medium. The indicator dyes in 
such teats become reduced and may be irreversibly decolourised so 
that it is advisable to add a little fmh indicator to the tests when record- 
ii^ the results or to check flidr final reaction by spot tests on a tfle 
with bromothymol blue indicator. When grown in cooked-meat 
broth, saccharolytic Clostridia rapidly produce add and gas but do 
not digest the meat; the diltures may have a slightly sour smell and 
the meat is often reddened. Gas production is not necessarily indicative 
of sugar fermentation, as proteolysis may be accompanied by evtdufltm 
of gas bubbles. 

The Proteolytic Group digest protein and liquefy gdatin and coi^l- 
ated serum. Cultures in meat medium cause blackening of the meat, 
decomposing it and reducing it in volume with the formation of foul- 
smelling products. 

CL toelchU, CL septicum, CL tertium and CL fallax are etcamples of 
predominantly saccharolytic clostridia. CL sporogenes, CL kistofyticum 
and CL tetam are proteolytic or predominantly so. TWe is, however, 
no hard and fast line of demarcation between the two groups. Thus, 
CL loelckU has slight proteolytic activity, and CL sporogenes some 
saccharolytic properties. 

Morphological and biochemical variations within strains of the same 
species, and indeed within subcultures of the same strain, render 
identification of the clostridia difficult. Whenever possible, the identity 
of a toxigenic species should be confirmed by specific toxin neutralisa- 
tion teste, though it should be borne in mind that non-toxigenic strains 
of toxin-producing species occur. 

Strains may be preserved by freeze-drying or by storage in various 
media. Cooked-meat broth containing chalk and minced cooked 
egg-white is a useful preservation medium. Germination of spores is 
sporadic, especially following heat-resistance teste, and this is con- 
sidered to be due to fatty acids in the subculture medium. The 
inhibitory effect may be reduced by incorporating a little soluble standi 
or serum in the meffium when subcultures are made from preservarion 
media or from heat-resistance teste. 


GAS GANGitENE 

Several members of the genus Clostridium are associated with r^tidly 
spreadii^ oedema, necrosis and ^grene of the tissues, and ^ pro- 
duction, occurring as a complication of wound infection in man. The 
main source of these organisms id animal and human exor^ They 
were responsible for die gas gar^rene which was so prevalont atoteog 
the armies in Europe during ffie war of 1914-18 and, though mndi Ins 
frequent, was met with in die war of 1939-45. Of more dum two 
hundred war casn of gas gaagraie infected with a CloffrfisiNa 
species, reomded in 1918 and 1943, CL wkM occurred in mote dum 
30 per cent., CL oedematmt in 5-17 per cmt., CL biferimtttum (sariii^^ 
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CL fmtolyticum and Cl. fallax each in less than 1 per cent In 42-60 
per cent of wounds in these two series, more dian one species of 
Clostridium were involved. Data obtained in the two wars indicate 
that Cl. teelchtt occurred most frequently (about 60 per cent of all 
cases) in gas gangrene, while Cl. oedematims and Cl. s^ticum occurred 
in about 20-40 per cent and. 10-20 per cent of cases respectively. The 
other Clostridia mentioned occurred much less frequendy. 

The infection usually results from the contamination of a wound 
with soil (particularly that of manured and cultivated land), dirty 
clothing, street dust, etc., but may also be derived from the aHn . 
especially in areas of the body that may be contaminated with intestinal 
organisms. Impairment of the normal blood supply of tissue, and the 
presence of devitalised or dead tissue, blood clot, foreign bodies or 
coincident pyogenic infection, are factors which promote the occurreiu$e 
of gas gangrene in a wound. The predisposing factors later discuss^ 
in detail with regard to tetanus (p. 330) are equally applicable in the ca^ 
of gas gangrene. It is particularly important that there should berij 
de% in treating wounds. In puerperal cases, and especially in cased 
of septic abortion, the organisms may gain access via the perineum to 
necrotic or devitalised tissues and set up a dangerous infection. It 
should be remembered, however, that a clostridial infection may also 
be located in subcutaneous tissue where there has been extravasation 
of blood or an accumulation of tissue fluids. Infection occurs, fre- 
quently in less severe form, in association with ischaemic conditions 
of the extremities, for example in diabetic gangrene. Other less 
severe forms of clostridial infection may occur without the typical 
toxaemia, such wounds having a foul odour and showing evidence of gas 
formation. Moreover, potentially pathogenic anaerobes may be culti- 
vated from a wound that never shows any signs of gas gangr«»n e 
l^'I^cLciiiiAn (1943) has classifled anaerobic infections on clinical grounds 
and he recognises (a) simple contamftiation of a wound with clostridia; 
(ft) anaerobic cellulitis, in which muscle is not involved; and (c) 
anaerobic myositis, which includes clostridial gas gangrene but nm 
also be raused by anaerobic streptococci. Cl. mlchii may also be 
involved in iMections occurring ^ a result of extension of the organism 
from the alimentary tract, as in cases of appendidtis or int«»gtinal 
obstruction. 


In wounds Aere is practically always a mixed infection, so that 
ample plating done is frequently inadequate for diagnostic purposes. 
It must b^mphasised that Ae separation and cultivation of anaerobes 
a more difficult thm is Ae case wiA aerobes, but Ais is partly due to 
Ae fact ^t techmques for Ae isolation of anaerobes are not so well 
** and in fluid 

/Urfirt n necessary before a pure culAre is obtained, 

"»edia can yield more information re- 
M any nnc pathogen. An account 

SSI meAods in general use for isolating and identi- 

anaerobes, wiA particular reference to cases 
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CLOSTRIDIUM WELCIfll 
(CL perfitingeiu) 

This is the organism most commonly associated with gas gangrene. 
There are five types designated A to E and distinguished by the various 
combinations of toxins Aey produce. The classical Cl. mlcldi of gas 
gangretie belongs to type A. The other types are more commcmly 
associated with disease in animals. 

Morphology and Stainiitg.~A relatively large Gram-positive b9^11uB« 
about 4^ ^ by 1 JI4, with square or rounded ends, occurring singly or 
in pairs, and often capsulated when seen in the tissues. In sugar media 
the bacilli are shorter, while in protein media they tend to become 
filamentous. The bacilli are non-motile. Spores are formed, but only 
in the absence of fermentable carbohydrates and abundantly only on 
special media such as Ellner medium. They are typically oval, sub- 
terminal and not bulging, but many bizarre forms are seen. Sporula- 
tion in Ellner medium is very variable, even when different cultures of 
the same strain of Cl. loelchii are studied (Cash & Collee, 1962). 

Cultural Characters. — Obligatory anaerobe. Optimum temperature 
about 37®C. Grows best on carbohydrate-containing media, e.g. 
glucose agar or glucose-blood agar. 

Surface colonies are large, round, smooth, regular and slightly 
opaque disks. Other types of colonies are observed, including one 
having a rdsed opaque centre and a flat transparent border which is 
radially striated. Rough flat colonies with an irregular edge resembling 
a vine-leaf also occur. On horse-blood agar the colonies are usually 
surrounded by a variable zone of complete haemolysis, and a wider 
zone of incomplete haemolysis may occasionally develop. 

A variant occasionally produces very mucoid broffi cultures and 
this yields tenacious colonies on blood agar. 

Biochemical Reactions. — In litmus milk medium, acid, clot and gas 
production result; the gas breaks up the dot, producing the ’‘stormy 
clot” reaction that is produced by almost all steams of Ch toelcim but 
is not specific for this organism. The culture has a sour, butyric-add 
odour. 

Cl. toelchU is actively saccharolytic and ferments, with gas produc- 
tion, glucose, lactose, sucrose, maltose, starch, and, in the ci»e of stune 
strains, salidn, glycerol and inulin. Mannitol and duldtol are not 
fermented. 

Gelatin is liquefied. Coagulated serum is usually not liquefied. In 
cooked-meat medium the meat is reddened and no digestion oocuia. 

Viability. — Cl. wekhU spores resist ffre action of t& routu^ly used 
antiseptics and disinfectants. The spores of classical type A strains of 
Cl. toelchii are only moderately heat-resistant and will not survive 
boilii^ for more dm a few minutes. The ^res of food-poisonii^ 
strains and certain type C strains, however, are markedly heat-resistant 
and may survive boiling for seve^ hours. 

Tosdm. — The types of Cl. toelchii differ in tbecombinationatff vaiiotui 
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toxic and enzymic factors which they produce. Several of these factors 
have haemolytic, lethal or necrotising properties and othos have 
enzymatic activity against biological substrates. The differences are 
indicated in detail in the following Table adapted from the work of 
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Broolu, Steroe uid Wansck (1957). It is evideat tiiat the types of Cl 
toeldiU can be differentiated on the basis of their production of the four 
major lethd toxins. Type A strains produce alpha toxin; type B 
strains Qrpically produce alpha, beta and epsilon toxins; type C strains' 
produce alpha and beta toxins; type D strains produce alpha and 
epsilon toxins; and type £ strains produce alpha and iota toxins. 

Antitoxin to the types of CL toekhu conunonly encountered in 
disease 'will neutralue the major lethal antigens of these tjrpes as foUows: 

Type A antitoxin neutralises oidy the homologous toxin. 

Tjrpe B antitoxin neutralises the toxins of types A, B, C and D. 

Type C antitoxin neutralises the toxins of types A and C. 

T 3 rpe D antitoxin neutralises the toxins of types A and D. 

The neutralisation tests may be performed by intracutaneous or 
intravenous injection of guinea-pigs or mice respectively, with mixtures 
of toxin and antitoxin. Epsilon and iota toxins do not occur in fully 
active form in cultures and these prototoxins require to be activated by 
trypsinmtion of samples of the culture filtrates prior to neutralisation 
tests. A combination of in vivo and in vitro tests Im been recommended 
for the routine typing of CL toekkii (Oakley Sc Warrack, 1953). 

Intracutaneous Serum Neutralisation Tests in Gumea-pigs . — ^The 
following procedure has been developed at the Wellcome Research 
Laboratories, Beckenham, England, and is recommended: 

Aliquots (0*5 ml.) of bacteria-free filtrate from a 5-hr. cooked-meat 
broth culture are made up to 0-8 ml. quantities by adding nutrient 
broth and 0*1 ml. volumes of specific antisera as invested below (see 
Table). A similar set of mixtures is prepared after activation of any 
epsilon and iota prototoxins and destruction of any beta toxin present, 
by treatment of die crude filtrate with 0-005 per cent, (w/v) crystalline 
trypsin for 1 hr. at 37° C. The filtrate-antitoxin mixtures are held at 
room temperature for 30 min., and 0-2 ml. of each is then injected into 
the skin of a depilated albino guinea-pig. Reactions are read at 24 and 
48 hr. Death of the guinea-pig is occasionally due to excess qiulcm 
toxin and this necessitates repetition 'with filtrate diluted (1 in 5 or 1 in 
10) with broth. The alp^ toxin produces a spreading yeUowish 
necrotic lesion on intracutaneous injection. The beta toxin produces a 
purplish necrotic lesion. Epsilon toxin causes a whitash necrotic 
lesion 'with occasional patches of small publish haemorthi^ies, and 
iota toxin produces a circular area of puipMi white necrosis vagui^ 
outlined with purple. 

Intravenous Serum Neutralisation Teas in Mux . — ^Two 0-3 mL 
volumes of each mixture prepared as for die intracutaneous tests «e 
injected intravenoudy into pairs of mice wduch are subsequodly 
observed for 3 days. The presence or absence of the major lethal 
antigens is indicated by death or survival of the iqipropriate mac. 

Alpha TimR.— -Proceed by all types of CL wdiM but ootsbfy by 
<ype A suains, this is the most importuit die lethal tmdns due 
organism and is couiddered to be the main cause of the profound tme* 
^^mia associated with gas gangrene in man. The i^faa tooda M le^ 
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TOXIN-ANWrOKIN MXXTURBS EMPLOYBD IN NbUTRALMATION TbSTS 
FOR THE TYPING OF CL mlchH^ 
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t Often omitted as iota toxin seldom encountered 
— =no reaction (intracutaneous test) ; survival (intravenous test) 

+ = necrotic lesion (intracutaneous test); death (intravenous test) 

( + )= variable result 

H *3= nearly always negative either because epsilon is in inactive prototoxin form, 
or beta toxin is destroyed by trypsin 

^ Table amended and reproduced by courtesy of Wellcome Research Laboratories. 

for laboratory animals and it is necrotising on intradermal inoculation. 
It is relatively heat stable, being only 50 per cent, inactivated after five 
minutes at 100°C. The toxin is an enzyme, lecithinase C. In the 
presence of free Ca or Mg ions it can split lipoprotein complexes in 
scrum or egg-yolk preparations 'with resulting opalescence. The 
reaction can be inhibited by specific antitoxin. 

It appears that the lecithinase also attacks phospho-lipid constituents 
of the red blood cells of various animals, and the alpha toxin is thereby 
haemolytic for the red cells of most species with the exception of the 
horse and the goat. The clear zones of haemolysis t 3 ^icaily seen around 
colonies of classical type A strains of CL welchii grown on horse blood 
agar are produced by Ae theta toxin and not by Ae alpha toxin. With 
the red cells of the sheep in particular the alpha toxin provides an 
example of a ‘‘hot-cold*’ lysin. 

Alpha toxin activity may thus be assayed by several methods, 
includuig turbidity tests using e|^-yoIk emulsion (lecitho-vitellin, 
L.V.) or human serum as indicator, and sheep red cell l)r8is tests in- 
corporating antisera to other haemolytic toxins which may be produced 
by Cl mkhii. 

Nagler*s Reaction . — Several Clostridia are able to produce opalesc- 
ence in both human serum and egg-yolk media, due to the production of 
lecithinases which cause visible precipitates in these media. The 
reaction was first demonstrated with the alpha toxin of CL wekhii and is 
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spedfically neutralised by Cl. toelchH alpha antitoxin (but thesen^^lically 
related lecitiunase of CL bifemmtans is also inhibited). 

This reaction has also been utilised for the rapid detection of CL 
toelddi in direct plate culture, and allows a serologically controlled 
identification of the organisms to be made within 20 hours of inoculating 
the plate from the wound exudate (Hayward, 1943). A plate of nutrient 
agar containing 20 per cent, of human serum and 5 per cent of Fil^’ 
pq}tic digest of sheep blood is prepared and dried. On one hsdf of the 
plate (which is appropriately marked) two or three drops of standard 
CL loekhU antitoxin are spread and ^owed to dry. The whole plate 
is then inoculated from the wound swab. On the section containing 
no antitoxin, CL melchii colonies show a surrounding zone of opacity, 
i.e. the Nagler reaction, while colonies of the organism on the remaindn 
of the plate show no chan^. The use of egg-yoUc, 5 per cent., in place 
of serum is recommended. Further developments of this type of 
medium have included the incorporation of neomycin sulp^te tO' 
inhibit aerobic sporing organisms and coliforms (Lowbuty & Lilly, 
1955) ; lactose and neutral red to indicate lactose-fermenting organisms, 
and milk as an indicator of proteolysis (Willis & Hobbs, 1959). Results 
of culture on Willis and Hobbs’ complex medium can be variable and 
are occasionally confusing. For this reason, a simpler selective medium 
such as that of Lowbury and Lilly is preferred for routine use. 

Beta Toxin. — Types B and C produce this toxin, which is lethal 
and necrotising. Intradermal inoculation in the guinea-pig produces 
a purple-tioged necrotic area which is almost circular in &e case of 
type C filtrates but, with type B filtrates, is more extensive and irr^^ular 
in shape due to the associated hyaluronidase produced by type B 
strains. 

Epsilon Toxin. — ^This is produced by type B and D strains as a 
prototoxin which is thereafter activated by proteolytic enzymes. It is 
lethal and necrotising and its activity is largely dependent upon the 
presence of an activating enzyme and an alkaline environment. Fil- 
trates may be trypsinised before assay. 

Iota Toxin. — Only type E strains produce this toxin, which is also lethal and 
necrotising and, like epsilon toxin, is formed as a prototoxin which is then 
activated by proteol^c enzymes. 

Theta Toxin. — ^l^s is an oxygen-labile haemolysin which may be related 
to streptolysin O. It is produced by most strains tn Cl. weleAn, t]^>es A-£; it 
is not produced by typi^ food-poisoning surains or by strains associated vdth 
enteritis necroticans in man. It lyses the red cells of ^ horse, ox, sheep and 
rabbit, but is virtually inactive agwist mouse erythrocytes, l/lam animal 
sera inhibit theta toxin and, while this may be due to Contained antibodies, it 
is known that tissue lipids and diolesterol inactivate it Theta toxin is adsorbed 
on to meat particles so that strains ass^ed for theta production mo^ be 
grown in m^um free of meat particles. Culture supernatants (unfilteted, 
ss the toxin is omen-senutive) are then tiUated for haemd^n^ acti^ 
sgainst horse red c^ in tite presence of alfdia antitoxin and under redudng 
conditions. 

Theta toxin is also a lethal toxin. 

Gamma toxin ia a minor tetiud toxin. 



316 MEDICAL MICROBIOLOGY 

Bdta toxin i* leAal. It is haemolytic for the red cells of eVMi-toed ungul- 
ates (sheep, goats, pigs, cattle). , . , . • 

Eia toxki is said to be an insignificant lethal tosun. 

Kappa toxin is a coHagenase which attac^ native collagen as well as hide 
powder and gelatin. It may be this toidn which causes the softening of muscle 
connective tissue associated with gas gangrene. 

Lambda toxin is a proteinase and gelatinase. It will decompose hide 
powder, but it does not attack native collagen. 

Mu toxin is a hyaluronidase. 

Nu toxin is a deoxyribonuclease. 

Other EnzymeSn—Cl welckii cultures have been shown to possess other 
enzymatic properties. Enzymes are produced, particularly by some type B 
strains, which destroy blood-group substances. The organism also renders 
red blood cells inagglutinable to the myxoviruses (Chap. 33), probably by 
destroying virus receptors at the red cell surface. This is thought to be due 
to a receptor-destroying enzyme (neuraminidase) similar to that of Vprio 
cholerae. Cl welckii renders red blood cells panagglutinable by expoiing 
their T antigens so that they lose their specificity and react with any of^fte 
ABO antisera. A diffusible haemagglutinin elaborated by CL welckii causes 
agglutination of the red blood cells of man and most animials. It is produced 
by some strains after prolonged artificial subculture, but it is not produced 
by freshly isolated strains. It has been claimed that virulent strains of CL 
welckii produce an aggressin which has been named ** burstii^ factor This 
agent has not yet been adequately characterised. 

Animal Pathogenicity, — The virulence varies greatly with different 
strains. Some are markedly pathogenic to guinea-pigs by subcutaneous 
or intramuscular injection of 1 ml, of a 24-hour culture in cooked-meat 
broth into the thigh, and the animal may die within 24 hours. A 
control animal may be protected by a prior injection of CL welckii 
antitoxin, e,g, 300-500 units. At autopsy, a spreading inflammatory 
oedema with gelatinous exudate and gas production is noted in the 
subcutaneous tissue; necrosis occilrs in the underlying muscles which 
are sodden, friable and pink. Organisms from cultures washed with 
saline solution to free ^em from toxin and other soluble products 
are practically non-pathogenic. The products of growth of the badllus 
increase its aggressiveness and, as toxin production occurs during 
early growth, young cultures should be used. The pathogenicity of a 
strain may be further enhanced by incorporating an equd amount of 
a sterile 5 per cent, solution of calcium chloride in the inoculum immedi- 
ately before injection. Pigeons are exceedingly susceptible to experi- 
mental inoculation of CL welckii. 

Occurrence, — ^Apart from its pathological r^itionships, CL wekhh 
occurs normally in the large intestine of man and animals; its frequtaicy 
in the human intestine approaches 100 per cent. It may invade the 
blood ante-mortem and, multiplyii^ in internal organs after death, 
produces the small gas cavities sometimes noted {e,g. in the Kver) at 
post-iftortem examinations. 

Apart from wound mfections, it may occur in uterine infections 
{e,g, septic abortion) and occasionally gains access to the blbod itreaffi 
from mis site, producing intravascular haemolysis with subsequent 
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oliguiia or anuria. Cl. vMm abo occurs in infections of the intestinal 
tract when riiese extend localljr or generally. 

CL welchii Food<^isoaii)g 

Strains of Cl. teelchU, conforming in most respects to type A but 
producing non-haemolytic or feebly haemolytic colmiiea on horse* 
blood agar, are associated with a mild form of food>poisonmg (£hik» 
et al, 1953). Spores of these strains are maritei^ heat-reriitant, 
surviving boiling for several hours. Non-haemolyric strains '^ Cl. 
toelchU occur frequently in human faeces (Collee, Knowlden & Hobbs, 
1961), but carrier rates for “typical food-poismbig strain^*, i.e. non* 
haemol^c on horse-blood agar and producing spores wUch resist 
boiling in cooked-meat broth for one hour, range from 2*2 per cent, 
in die general population to 20-30 per cent in hospital personnel and 
patients. Food-poisoning strains of Cl. mldm are thus widely dis- 
tributed, occurring in the faeces of healthy man and animals. The 
vehicle of infection is usually a pre-cooked meat food that has been 
allowed to stand at a temperature conducive to the multiplicarion of 
Cl. toelchii. While the heat-resistance of spores of food-poisoning 
strains ensures their surrival in cooked foods and presumably accounts 
for the association of these potentially heat-resistant strains with most 
of the reported outbreab of Cl. toebM food-poisonii^, similar trouble 
can be caused by classical heat-sensitive jS-haemolytic strains whidi 
may gain access to food during the cooli^ period under conditions 
suitable for their subsequent multiplication (McKillop, 1959), but it 
may be that these were not type A strains (see Warrack, 1%3). The 
mechanism of Cl. teelckU food-poisoning is not fully understood. 
Ingestion of large numbers of the viable organkms in contaminated 
food appears to ^ necessary (Dische & Elek, 1957). Typical symptcnns 
are abdominal cramps beginnii^ about 8^12 hours after ingestion, 
followed by diarrhoea. Fever and vomiting are not typically encoun- 
tered. The condition is usually transient and symptoms normally 
subside within 24-48 hours. 

The Bacteriobgical Du^mm of Cl tsekkU Food-pouonh^.—TiM 
involves the isolation of typical food-pmsoning strains from hece» of 
patients and those at risk and from the suspect^ food. (1) Isoktkm of 
these strains from /<ieca is facilitated by their being present in ^te 
form. A portion of faeces is carefully mulsified by coating a 8wd>whii 
the faecal specimen and stirrii^ this into a tube of oooke^meat broth. 
The inoculated tube is then hdd in a steamer at 100° C. for an hour, 
fooled and incubated overnight at 37° C. If heat-reristant Cl vMm 
is present, a virtually pure culture will frequently be obtained by this 
iimpie procedure and pure subcultures can readily be obtained on 8(^ 
itedia. If large particles of frms are initia% inocufoted mto foe tube, 
however, many organisms are protected from foe hetd aod.tHjmse to 
produce a very mixed culture including non-^XHlmg (»C|aokma. Even 
'''hen a pure culture of Cl weldtii is obtained* foe rwult a of np (pmti* 
*ihve significance; direct pktiig procahires im aelectnte m^ (see; 
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below) are of value in this respect. (2) Isolttioa df tjrpicil 
poisoning strains from food by selective ^ati^ is iii|^ 
because spores of CL wekhU are not normally abundant in food. 
vegetative organisms are recovered by selective culture mcth^ 
Weighed samples of the suspected food should ideally be macerated 
and suspended in broth. Measured volumes are then pipetted on to 
selective media such as Lowbury and Lilly s medium, or an egg^yoUj; 
agar medium containing 70/Ltg. of neomycin sulphate per ml., or horse* 
blood agar containing this concentration of neomycin. Suspected 
colonies are counted and further identified. Tj^ical strains show lack 
of true haemolytic activity on horse-blood agar because, although they 
produce lecithinase which may cause zones of doubtful haemolysis, they 
do not produce theta toxin which is the cause of the complete j&-haemo- 
lysis typical of the colonies of classical strains grown on horse-blbod 
agar. In order to demonstrate the heat-resistance of food-poisoifpng 
strains, it is necessary to produce sporing cultures, e,g, in E^er 
medium. Samples of sporing culture deposits are then held in coo^d- 
meat broth at 100° C. for an hour, cooled and thereafter incubated. 
As many strains do not produce spores readily, this is often a laboriotiB 
task. Final identification of the serological type of a typical food- 
poisoning strain is done by slide agglutination tests of colonies taken 
from blood-agar cultures and tested against a range of 13 agglutinating 
antisera prepared against different food-poisoning strains (Hobbs* 
types).^ Untypable strains are not infrequently encountered. 

It should be noted that the above methods are those in current use 
for the detection of typical food-poisoning strains of CL welcM, but 
they automatically exclude heat-sensitive strains. If large numbers of 
classical strains^ of ^-haemolytic CL toekkii are isolated from suspected 
food by quantitative methods, this finding should not be dismissed 
solely because the organism does pot conform to the criteria of typical 
food-poisoning strains. On the other hand, the isolation of large 
numbers of classical ^-haemolytic strains of CL tvekhii from faeces is 
of no significance as regards CL wekhii food-poisoning. Warrack 
(1963) nwde a plea for more general typing of CL mkhsi, particularly 
in investigations of food-poisoning caused by this organism. 

A sub-group of C/. wekkiif type C, has been reported as the cause of 
a con<htion occurring in Germany affecting man and named mteritis 
necro^ans. The spores of these strains, originally referred to as Cl 
toekmt type F, are markedly heat-resistant. 


Lnfectumstn Animk,--Type B stTdins cause lamb dyseni^ The disease 
enteritis, occurring withm the first week of life, afld 
aeato is due to toxa^a as a result of absorption of the toxins produced. 

success in the prophylaxis of the 
the lambs being injected as soon after birth as possible. Ewes may 
a pregnancy with toxoid or with a formolised culture, 

being given 14 days before lambing. The antibodies prodiaid 
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by such i amMlPfa yy 'M* coovqwd to tiwiMab in the odottruio. Ainmilar 
^j^ease oceaw in kw*. , , , 

CL tcddiit, type C, i* oMOcuted with an cntetotoxacnoic disease of riieep 
known in Ito M md occurring also in Wales. Enteiotoxaesmiaa 

associated with Cl. tg)e C, have been reported in lambs and catws 

in U.S.A. ; and m piglets in England. anu 

A simihff disease of she^, mfectitm etOerotoxaemia, is due to CT. wsfcWi, 
type D. This IS a sporadic msease which is well known in Great Britain and 
has been reported in Australia and America. Pulpy htdnty diseoie is also doe 
to CL wtUhit, type D, and this is predominantly an acute and fatd irf 
young lambs (three to eight weeks old), though older sheep may be dieet^ 
The disease 18 usually associated wth overeating or high-levd feetHng, and 
is characterised^ by sub-endocardial haemorrhages with excess pericardial 
fluid. Appropriate^ methods of active or passive immunisation may be carried 
out against these diseases, as in the case of lamb dysentery. Type E strains 
cause enterotoxaemia of calves. 


CLOSTRIDIUM SEPTICUM 
(Vibrion septique) 

Morphology and Statning . — Moderately large bacillus, with rounded 
ends, about 3-10 ft by 0-6-1 fi. Motile, with peritrichous flagella. 
Tends to grow also in die form of long curved filaments. In the tissues 
it develops into large, swollen. Gram-positive “citron bodies’*. Spores 
are readily formed and are oval, central or subterminal, and “bulgit^”. 
CL septicum stains Gram-positively as a rule, but degenerate forms are 
Gram-negative. 

Cultural Characters . — Obligatory anaerobe. Optimum temperature, 
37° C. Capable of growing on ordinary media. Glucose promotes 
growth. 

Surface colonies are irregular, transparent, droplet-like colonies, 
later becoming greyish and opaque, with projecting radiations some- 
what like those of CL tetard. On blood agar haemolysis is observed. 

Agar stab. — h. white line of growth with short, lateral processes. 

Biochemical Reactions . — Litmus milk medium. — Slight add is 
formed, and the milk is slowly clotted, but often the change is slight. 

Various sugars are fermented, e.g. gluo^, lactose, maltose and 
salicin, but not mannitol. Sucrose is not usually fermented. 

Gelatin is liquefied. Coagulated serum is not liquefied. In cooked^ 
<neat medium die meat is reddened and not digested. 

Antige^ Characters . — Anflutinations involving somatic antigens 
<li8tinguish four groups vdiicm can be further subdivided on the basts 
of H anrigena. There is considerable antigenic cross-relationship bo 
Cl. chauvoa. 

An exotonn with lethal and haemolytic propc^es, the al^ha toxtn, 
oaa be demonstrated in cultures, and a specinc antitoxin can be obtained 

inununiung animals. 'Hie beta toxin is a deoxynboinidqase, tite 
I ganuna toxin is a hyahironidase, and the ddte tmdn is an oogrgendi^ile 
l^onudysin. AfiMaofysinfadaalsobeennqKnted. DafnllaitodSol^ 
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(1951) considered that a haemagglutinin produced by CL septieum ig 
non-dif!usible. 

Animal Pathogenicity* — Subcutaneous injection of cultures in lab- 
oratory animals produces a spreading inflammatory oedema, with slight 
gas formation in the tissues. The organisms invade the blood and the 
animal dies within a day' or two. Smears from the liver show long, 
filamentous forms and also citron bodies. 

Occurrence* — Cl* septieum is associated with gas gangrene in man. 
It is responsible for braxy in sheep (see below) and for malignant oedema 
following wound infection in cattle and sheep. Gas gangrene due to 
Cl* septieum is quite common in pigs. The organism may also be the 
cause of some cases of blackleg in cattle and sheep. 

Epidemiology. — ^The primary habitat is the soil. Areas with large 
numbers of spores of Cl. septieum appear to be associated with a hfeher 
incidence of Cl* septieum infections in man and animals thankless 
heavily infected areas. i '^ 

Lab^atory Du^nosis.--Tht microscopic appearances, cultural cnar- 
acteristics and the results of pathogenicity tests in guinea-pigs alloiV of 
initial identification. Differentiation from Cl* chauvoei may present 
difficulties and is discussed later (p. 326). 

Braxy is an acute fatal disease of yearling sheep characterised by a haemor- 
rhagic inflammatoiy lesion of the abomasum. The disease is invariably 
associated with a Cl* septieum infection, and although it has not been repro- 
duced experimentally the successful prophylaxis achieved with a formolised 
culture vaccine suggeste that Cl* septieum is the organism responsible. The 
orgasm is thought to invade the mucous membrane of the abomasum, under 
conditions of stress, when it multiplies rapidly and gives rise to rapid death 
from a toxaemia. Braxy appears in the late autumn or winter and is almost 
entirely conned to I^bs born in the previous spring which are outwintered 
on hill grazings or old lowland pastures. The disease does not occur if the 
nock 18 moved to new pastures on arible farms. 


CLOSTRIDIUM Om>EMATlENS 
(Clostridium novyi) 

This Gram-positive bacillus resembles Cl. mlchU in morphology, 
and more pleomorphic. It possesses peri- 
tnehous flagella, but rte motihty is not active and is inhibited in^ 

^ The spores are oval, central or sub-teiminal. 

Surface colomes are tr&sparent, flat, irt^ubi 

b?oo? air ® sprwding film of growth, Culturw on 

Wood a^r produce slight haemolysis. Very snail motile “daughter 

fro^^ surface of the medium and break away 

^v ^^r Colonies on heated blood agar 

be^Sw hdo and colonies on heated blood agar vrath 

SSYf after exposure to air for an hour or so. Some 

iSf slf ^ grow on the surfime of solid 

eda such as blood agar, espcciaUy if the medium is not freshly 
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pKfMped. Tlie addition o£ Iresh bsaia intiukMa to tfae meduun is 
rectnnnmtded by Smitit (1955). Primary tsolatioa of rac& stiams 
only be accomplished by resortiag to de^ shake cukatw in . 
colonies appear as small, irregidar, * VooUy” or “snonMS^”’‘ldce bidlp 
of growth. 

Litmus milk meduim — ^late clotting may occur withimt d^[eMion. 

The organism is actively saccharolytic and femEHtts certain «iga|p 
including glucose and maltose. . ; v 

Gelatin is liquefied. Coagulated senun is not digoted. In cwddsd^ 
meat medium the meat is reddened but not digested. X’ 

T 3 rpe A strains produce a peariy layer or iridescent film o]| egg-yolk 
media; this is presumably caused by the epsilon toxin, a I^ase, pro- 
duced only by type A strains. 

Antigemc Characters . — ^Four different searok^tcal t^pes, A B, C and 
D, have been defined and these diffor in the distril^tion of various 
soluble antigens. 

Virulence . — Culture filtrates are highly toxic and possess haemob^ 
and lecithinase activity in addition to necrotising and lethal properti^ 
The organism produces a natural infection in a wide range ci animals. 
Type C strains are thought to be non-toxic. 

Patkt^enesis. — Cl. oedematiens is associated with a markedly toxic 
form of gas gangrene in man. The organism causes gangrenous infec- 
tions in animals, e.g, ‘‘Big head” in rams in Australm. It also causes 
‘‘Black disease” among sheep in Australia and New Zealand. Thk 
condition, which has been observed in Scotland, is activated apparently 
by the invasion of the liver fluke. A fatal necrotic hepatitis supervenes. 
Type D strains {Cl. kaemolyticum) produce red-water disease (infectious 
icterohaemoglobinuria) in cattle. 

Prophykads . — Recommended procedures for t^ prevention of 
Black disease in Great Britain include fluke eradication and the use of 
an alum-predpitated vaccine in late summer. 

Labtuatory Diagnosis of Gas C^angrene 

The bacteriobgical diagnosis of gas gangrene is usually combii^ 
with a general bacterblogical examination of the infected wound w^ 
which this concUtion is associated. It is convenient here to give ferial 
reference to the rea>gnition of the anaenff>ic baolli. 

SpecimMu of exudate should be taken from the wound, particular 
from the deeper parts and from juuts where the infectum. seems to Ik 
most pronounced. These may be obtained iit capillafy tubes, but 
sterib swabs (simihr to throat swabs), rubbed over tiie wound auifsce 
and soaked in the exudate, serve wdl for the {Hupoae.. 

Two awidM should be taken from the wound, one nf win^ is used 
for film pitpaxations, the other for culture. If tiieee are sloughs or awo* 
rotic tissue preariit in the wound, snudl pieces ;^toald he ^iaeed, in a 
nerib screw-capped bo^e and used for . eM a ii>in a ti^ ''''nod, 

culture. ' ‘ 

Mtarmopitud jE(WB»«a*wii.---Film8 are inade<in the w a ati 
X ' ^ 
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Stained by Gram’s me&od. If gas gangrene is present, Gram-poskivB 
bacaii may predominate, although CL oedmatuns may appw to be 
relatively scanty in the wound exudate, even in an active infectionu 
Hiidt, rectangular. Gram-positive bacilli suggest Ae presence of CL 
welclm, CL fallax or CL bifermentans', “citron bodies”, boat- or leaf- 
shaped pleomorphic bacilli with irrregular staining may indicate CL 
septiam', slender bacilli wiA round terminal spores suggest CL idem 
or CL tetanomorpkum’, CL oedematwts occurs in the form of large badlli 
with oval subterminal spores. 

Cultures. — In addition to the media routinely inoculated for the 
detection of aerobes, the following media should be inoculated: (a) 
blood-agar plate to be incubated anaerobically; the surface should be 
well dried before inoculation to prevent spreading of colonies of certain 
anaerobes. If the agar content of a solid medium such as blood ^;ar is 
increased to 4‘5-6*0 per cent., depending upon the brand of agar usid 
and the other constituents of the medium, the spreading tendency <|f 
organisms is inhibited. Although the concentrated agar does not pr«|^ 
vent the growth of any species, colonies tend to be smaller and mo^ho^ 
logically atypical. (6) Plate of Lowbury and Lilly’s medium or a good 
nutrient agar containing egg-yolk (5 per cent, v/v) and neomycin 
sulphate (70-100 ftg. per ml.), (c) Two tubes or bottles of cooked-meat 
medium; after inoculation, one is heated for 30 min. at 65° C. to 
kill non-sporing organisms; for the cultivation of CL oedematiens it has 
been recommended that a third tube or bottle should be inoculated 
with a broth emulsion of exudate or tissue which has been heated for 
5-10 min. at 100° C. 

The anaerobic plates are examined after 24 and 48 hours’ in- 
cubation. It must be remembered that these may yield growths of 
various facultative anaerobes as well as the strict anaerobes. Com- 
parison of the aerobic and anaerobic plates affords some indication of 
the presence of strictly anaerobic organisms in the wound exudate, but 
any suspected anaerobe must later be tested in subculture to ensure 
that it is unable to grow under aerobic conditions. (It may be noted 
that CL tertium and CL histolyticum can grow to some extent under 
aerobic conditions.) The colony characters of suspected anaerobes on 
the blood-agar plate are carefully studied with the naked eye and 
plate-culture microscope, and films are made and stained by Gram’s 
method; this may give some preliminary information as to the type (rf 
anaerobe. Each type present must be isolated in pure culture for 
further ei^ination, e.g. fermentation tests and animal inocularion. A 
table of differential characters is given on pp. 338 and 339. The lactose 
egg-yolk mffk-agar medium developed by Willis and Hobbs is usefiil 
for the preliminary examination of pure cultures of dostridia but results 
texid to vary wi A different batches of this medium. It indicates lactose- 
fermentii^ colonies; leciAinase-producing colonies produce a marked 
zone of opales^ce extending beyond Ae colony (Na^er effect); wd 
zones o£ clearing develop around proteol 3 Aic colonies. Opalesotoce 
restne^ to Ae medium underlying a colony and associated wiA an 
overlying iridescent “pearly-layer” appears to indiaito lipase 
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In the codked-meat medtam both aerobes and aaai»^d>es ficmryi, 
but diis growth is uMful for later subculture ihould tfee plate cultures 
fail to yield successful isolation of organisms presoat in the woundvr 
Film preparations also yield further information as to the 
logical t^es of organisms growing in it 

Additional MSiods. — ^Anaerol^ may be isolated in de^ agar< 4 h^ 
cultures. Four or five serial decimal dilutions of the exudi^ are 
prepared in broth, and each of these is used to inoculate mehed' WV 
kept at 45° C., which is then allowed to solidify in tubes. 
incubation, one of the dilutions will show colonies s uffic iently separate 
to allow of single-colony subculture by means of a cajullary p4>ette, 
aftor cutting the tube transversely. A convenient alterr^ve meffiod 
is to take up the melted agar after inoculation in sterile capSlary pipettes 
stoppered with cotton-wool, the capillary ends being then sealed and 
the pipettes incubated horizontally. 

Certain reducing agents may be used for rendering fluid media 
anaerobic in the bacteriological examination of wounds, etc. — ascoihic 
acid (01 per cent.), sodium thioglycollate (01 per cent.), reduced iron 
and iron strips, and these may be adopted advantageously in routine 
work with the anaerobic organisms. 

Prophylazu tA Gas Gsu^^rene.— A polyvalent serum is available 
for prophylactic use and for treatment of cases in which the causal 
organism has not been determined. The prophylactic dose, given intra- 
muscularly (or in urgent cases intravenously), is 10,000 international 
units Cl. xoelckU. antitoxin, 5000 units Cl. septicum antitoxin and 10,000 
imits CL oedematiem antitoxin. The therapeutic dose, given intra- 
venously, should be at least three times the prophylactic dose, and the 
administration should be repeated as necessary. Monovalent sera are 
also available for the treatment of cases after the causa! organiraa has 
been identified. Reactions to antitoxin administered intravenously may 
be severe and precautions should be taken (p. 335). 

C3ieiuotherapy. — ^Much work on the antibiotic sensitiidfies tA 
numerous clostri^ isolated from wounds suggests that the order of 
activity of die common antibiotics is, in general, tetracyclines > peni- 
cillin > chloramphenicol (Garrod, 1958). However, many factors 
must be considered in the antibiotic treatment of dbstridial infectioos 
in addition to m vitro proof of antibiotic sensitivity (MacLennan, 1^). 
Adequate dinical evidence is laddng, but in the treatment of gas 
gangrene, penicillin is widely used and may be administered togcdier 
with a teteadydine. Thoe is no evidence antagonism. JPnpk^h^ 
administration of pemdllm (400,000 units each potasshim aSHl jpro- 
caine penidllin, repeated at intervals of rix hours) in cases cf wcio^ 
contaminated wounub, hu largely replaced dm prc^iilqdkctfo itie cd 
gas-gangrene antisera. The use of an antibiotic in tiw manner vomt 
wvet preclude prompt and adequate wound toilet ^JMacLehnan re- 
commended that severe wounds considered luble'^to gas gangrene 
denumd intravenous gas gangrene antiserum in addition to ineticqloas 
ddbrideinent plus loou and parenteral penfoUlin. 
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SPOROGENES 

1ri& Gram-positive motile bacilltis is very widely distributed in 
nature and is generally regarded as a harmless 8 aproph 3 rte. It is about 
tSbc same size as CL welchiL but more slender. Gram-negative fo^ 
are frequent in older cultures. It forms oval central or subtermmal 
spores whi(i may be highly resistant so that the organism is frequently 
encountered in mixed cultures in the laboratory, even after preliminary 
heating of these cultures to select heat-resistant pathogens. Its spores 
may survive boiling for periods of 15 min. up to 6 hr. 

Cultured Characters . — Surface colonies may present a “medusa-head” 
appearance (cf, B. antkracis) if the plate is dry. Young colonies may be 
small, circular, raised and slightly opaque, but these soon produce out^j 
growths and the spreading margin of the colony becomes irregular wit^ 
feathery outgrowths. On horse-blood agar the colonies are haemolytich 
irregular and transparent with some central opacity where the colonies j 
are raised. Shake colonies show as “woolly” balls of growth. A stab, 
culture develops, like that of CL tetanic with lateral spikes. 

The organism decomposes protein, producing amino-acids, am- 
monia, sulphuretted hydrogen, etc., and cultures have an exceedingly 
putrid odour. 

Milk — ^the casein is precipitated and digested. 

Gelatin and coagulated serum are liquefied. 

Meat medium — ^the meat is blackened and digested. 

Acid and gas are produced from some sugars, including glucose and 
maltose. Lactose and sucrose are not fermented. 

Occurrence. — CL sporogenes is a ubiquitous saprophyte and also 
occurs in the intestine of man and animus. It is frequently isolated 
from wound exudates in association ydth accepted pathogens. While 
its presence may accelerate an established anaerobic infection by 
enlmcing local conditions, it is not regarded as a pathogen in its own 
right 

In pure culture it is virtually non-pathogenic to laboratory animals. 

Clostridium histolyticum resembles CL sporogenes and is actively 
proteolytic but non-saccharolytic. It is not a strict anaerobe. In meat 
medium, digestion occurs wiA the formation of white, crystalline mas^ 
consisting of tyrosine. When cultures are injected into animals, m vkto 
digestion of the tissues results. This organism is pathogenic and produces 
an exotoxin. It may be associated with gas gangrene in man. 

Clostridium bifermentans.— Some workers comber tUs species dis- 
tinct from CL sordellU^ but the names are virtudly 83 monymous. The latter 
title is frequently reserved for pathogenic strains (sec Table, p. 338). The 
organism produces spores readily and abundantly and these are usually oval 
and centrri or subterminaL The name bifermentam refers to the orgamam’s 
abiliw to decompose both sugars and proteins. It does not fermait lactose 
(cf. CL welch^, A ledthin^ is produced which is serologically related to 
the a^[dia toxin of CL toeldtU. Pamogenic strains also produce a lethal toxin 
and are occasionally associated with wound infections m matt and disease in 
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C3btlri<littai blbx t^Bemblea Cl weklm in some reqpects, and faae some^ 
times been mistaken for it (hence the name It is, boiivever, loiter 

and nmre slender. The spores are usuaUysubterminaL In nulk, the organic 
produces dotting and gas formation, but these changes take place («k 
con^ared with Cl wdchii). It does not liquefy either gelatin or coagimed 
serum, and is non-proteolytic. It possesses sacchardytic properties. M 
exotoxin is formed, and when freshly isolated the organism is pathogenic on 
experimental inoculation in animals. 

(Sostridium terthim,---This organism tends to be long and dend^^ It 
is weakly motile. The spores are terminal and, when fully develop^ ovd 
in shape. It is not a strict anaerobe* The organism shows active SiccharO- 
lytic properties. In milk, acid is formed with gas production and dow 
clotting. Meat is reddened, but not digested. NeitW gelatin nor coagulated 
serum is liquefied. Its pathogencity is doubtful, but when present in 
wounds, it may give rise to gas production. No exotoxin is produced. 


CLOSTRIDIUM CHAUVOH 
(Clostridium feseri) 

This is the causative organism of most cases of quarter evil (blackleg, or 
symptomatic anthrax) in cattle and sheep, a disease characterised by a 
swollen and emphysematous condition of the subcutaneous tissues and 
muscles. The infection frequently affects the fore- and hind-quarters, 
which become dark or almost black in colour. 

Marpkology.'-^Kestmhlts closely Cl septicum. Individual organisms tend 
to occur singly or in pairs, and not in long filaments. “Citron bodies*’ may 
be seen in the tissues. The bacilli are motile, with numerous peritrichous 
flagella. Spores are usually central or subterminal in position, elliptic^ in 
shape, and are broader than the bacillus. 

Cultural Strict anaerobe ; optimum temperature, IT C.; 

but grows at room temperature. Grows poorly on ordinary medium and a 
blood or meat medium is preferable. Liver inhision aids growth. 

Cl chauvoei ferments glucose, lactose, sucrose, maltose, but not mannitol, 
salicin or inulin. 

Antigenic Ckaracters,--A somatic antigen is common to all strains. 

Flagellar antigens distinguish two groups. Cross-reactions with Cl 
septicum occur. 

A lethal exotoxin is obtained in glucose-broth cultures, espodaUy if 
calcium carbonate is added to neutralise the acid produced. Cultim- 
filtrates are also haemolytic. 

Occurrence and Pathogenicity disease occurs in cattle and sheep. 
Cl chauvoei infection has also been reported in pigs and in frerii«water film 
The organism is pathogenic for guinea-pigs and mipe, these ammals d^bg 
24-36 hours after experimental inoculation. It has been supposed that the 
natural disease results from infection of a wound by the s^res which my 
be present in the soil of infected pastures. In cattle, mection usualfy 
takes place through the ingestion (k upom with the fodder or dti^dng- 
water, and although the distribution of the lerions sugge^ a focus of in- 
fection in the musculature, the disease is seldom assodated with a hbtory of 
wounding. In sheep, on the other hand, most cases arm from wound in^ 
fection (shearing, castratib^ doddng, vaccination, and dog ttites) and ilao 
in connection witii parturition. 
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LeAoratory Dit^ntm, — CL septman may also b(i res^nsible for a eondi* 
tkm i^kr to blackleg. 

In die differentiation of CL septum and CL duamd, stress has been 
laid on die morphological elements seen in infected gainea*i»gs : CL duntood 
exhibits “ dtron ” and dub'Shaped forms, but no elongated filaments are 
obseired on the peritoneal surface of the liver of inoculated animals, as in the 
case of CL sepHcum. CL chduvoei ferments sucrose but not sdidn; CL 
septicm ferments salidn but not sucrose. The two orgwisms, however, are 
dosely related. Specific andsera have now been conjugated to different 
fluorescent dyes at ^ Wellcome Research Laboratories. Direct microscopic 
examinadon of dssue smears stained by these conjugates and illuminated 
by ultraviolet light allows prompt differendadon between CL septum and 
CL chasivoei infecdons (Ba^ & Walker, 1963). 

Prophylaxis. — k formolised whole culture of CL chauvoei in broth has 
been used as a vacdne with successful results. An andtoxic serum has be^ 
used for therapeudc purposes. 
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CHAPTER 28 

CLOSTRIDIUM ’ 

E THE ORGANISMS OF TETANUS AND BOTULII^ 
TETANUS 

TETAmis occurs in man and animals when a wound is infe0|ed w^ 
Cl Utani under conditions that allow the organism to multiply and 
produce toxin. Absorption of the toxin leads to hypereixcitabiiity of 
voluntary musculature. The disease is thus characterised by increased 
muscle tonus and exaggerated muscular responses to trivial stimuli. 
Trismus occurs when the muscles of the jaw are affected and, as thk 
is quite frequently an early sign of tetanus in man, the disease is some- 
times called lockjaw. 


CLOSTRIDIUM TETANI 

The causative organism of tetanus in man and animals. 

Morphology.— h straight, slender, rod-shaped organism, 2-5 jit by 
0-4-0-5 (t, with rounded ends; shorter forms and longer filaments are 
also noted; motile, with numerous long peritrichous ffagella. Move- 
ment is not markedly active. The spores, early in development, may 
produce an oval and subterminal enlargement The fully (kveloped 
spore is characteristically terminal and spherical, two to four times the 
diameter of the bacillus, producing the drum-stick appearance which is 
a striking morphological feature of the organism. Strains vary in &eir 
tendency to produce spores. If sporing forms are scanty in normal 
culture media, the strain may be encouraged to produce spores by stab 
subculture in a tube of horse-flesh digest agar with 1 per cent, glucose, 
incubated for two to three days. 

Gram-positive, but diere is considerable variation and 
Gram-negative forms are frequently encountered, especially in bro^ 
cultures. Only the periphery of ^e mature spore is stained by die 
Gram counterstain. 

Cultural Characters,— An obligatory anaerobe; tonperature range 
14 °- 43 « c. ; optimum, 37° C.; grows on ordinary nutrient media but 
is more readily grown in cooked-meat medium or in FUdes’ p^ttc 
blood broth. 

On solid media, surface cobnies of fhe normal motib type of tetiam 
baciUua are charaeterised by their long bnutching ptq^ctbna. Ajier 
48-72 hours' incubatbn the central part of the oolonyt wb^h rarely 
grows more than 1 mm. m <Uameter, becoouas idightly raised' ami haia 
a ground'll appearance, whib the ^ge ^ws a (^catdiy fibmentous 
appearance. A ^ spreading growth may thta extend over the entite 
surface of medhun and the ^eeadii^ iBhn of grow^ aaaf trot be 
apparettttmcursoiyexainuudkKCu On bl(^ agar, luMnnd^b evident 
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m the region of initial confluent growth and may develop bdow indi- 
vidual colonies, but frequently does not appear below the spreading 
growth in young cultures. 

Non-motile variants may produce quite isolated colonies lacking the 
characteristic feathery processes. 

Agar SuA Culture . — No growth occurs on the surface; a white line 
of growth appears along the track of the inoculating wire but stops short 
of the surface, and lateral spikes, which are longest in the deeper part 
<rf the tube, develop from the central growth. 

Biochemical Reactions . — Nutrient gelatin is slowly liquefied. Co- 
agulated serum is slowly rendered more transparent and softened only. 
Litmus milk mediiun may show no coagulation or there nuiy be delay^ 
clotting. Cooked-meat medium shows slight digestion and bladkenii^ 
of the meat. Some gas is evolved due to breakdown of amino-adds, hut 
no carbohydrates are fermented by typical strains of Cl. tetam. Cultures 
have an unpleasant slightly pungent odour. | 

Viability . — ^The spores may be highly resistant to adverse conou- 
tions, but the degree of resistance varies. Many strains are killed by 
exposure to boiling water for 5-15 min., but rarer, more resistant strains 
require boiling for up to three hours before being killed. They may 
resist dry heat at 150® C. for one hour, 5 per cent, phenol or 1 in 1000 
perchloride of mercury for up to two weeks or more. Iodine 1 per cent, 
in watery solution and hydrogen peroxide (10 volumes) are said to kill 
them within a few hours. 

Antigenic Characters . — ^Ten types are distinguishable by ^glutinR- 
tion tests involving flagellar H antigens. Type VI consists of non- 
flagellate strains. All types produce die same neurotoxin, and toxigenic 
and non-toxigenic strains may belong to the same type. 

Toxin. — ^The exotoxin, of whic^^ the neurotoxic component tetano- 
spasmin is the essential pathogenic constituent, develops in broth 
cultures after 5-14 days’ growth at 35° C., the optimum time varying 
with the strain. Toxin yields from Cl. tetani cultures vary from strain 
to strain and also depend upon the culture medium used. One of the 
most satisfactory me^ is t^ of Mueller and Miller (1954). 

Tetanolysin is another constituent and this causes lysis of red blood 
corpuscles. It is oxygen-labile. Tetanospamin has been separated as 
a pure crystalline protein with an estimated lethal dose for the mouse 
of O-OOOOOOl mg. Tetanus toxin is thus an extremely powerful poison, 
second in potency only to the exotoxin of Cl. hoUilmm. 

When tetanus toxin is injected into guinea-pigs or mice, the animals 
die vnthin a day or two with the typic^ signs of tetanus. In animals, 
tetanic spamia may start in the muscles related to the Mte of iiyection 
(“local tetanus”). Expmmental findings indicate that the toxin reaches 
the central nervous system by passing along motor nerves, beiag 
absorbed probably by the motor «id-plates and ^reading up the spaces 
between ibe nerve fibres (Wright et ai., 1950). It seems to adt as an 
excitant to ^ nu^r oeJls in ^ antoior horn of the ^iiud cord ttad 
may then Effuse to involve the whole central nerwiua systesxL Tbe 
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toxin tilso interfere with the normal ii^iibitbn of moto^ impulaea 
exercised by the upper mot^ neurone over the low^, {nodu^E^ eerfy 
increase in toniu tonic ^)a8ms localised initially to the muntolatuie 
controlled by the spinal s^ment involved. This affords an explanation 
of local tetanus but the actual mode of action of tetanijn toxin u not 
known. Whereas the toxin of C/. botuUmm produces vtsoertd symptoms 
and signs, tetanus toxin does not appear to do so directly (Wright, l^S). 
Dysp^gia and urinary retention observed in climosl tetanus am be 
attribute to paralysis of associated ^eletal muscles. Certai]|!^iMrn[|ls 
of Cl. tetam produce a factor that enhances the l^al action of 
tetanospasmin for rabbits and this factor may facilitate aecsess of the 
toxin to its susceptible cell substrate. Consideration of the ^ecific 
affinity of the toxins of Cl. tetam and Cl, botuimm for nervous tissue, 
the relatively small amount of these toxins required to produce death, 
and the lag period between intoxication and its manifestation, has given 
rise to the theory that both of these toxins may act through interference 
with vital enzyme systems. A disorganisation of the normal metabolism 
of choline in nerve cells with a resultant impairment of the availalnli^ 
of acetyl choline has been postulated, but the different symptomatology 
of tetanus and botulism luu not been explained. 

Antitoxin . — ^Tetanus antitoxin, often called antitetanus serum or 
ATS, can be obtained by immunising horses with toxoid. This serum 
is of value in the prophylaxis of tetanus, given immediately after wound- 
ing. Its use as a curative agent after the development of tetanus is less 
effective than the corresponding antitoxin treatment of diphtheria. 
Tetanus antitoxin is standardised in Great Britain in terms of the 
International Unit {1950) by comparison with a preserved standard 
serum. 

Occurrence. — ^The tetantis bacillus occurs in the intestine of man 
and animals, but there is considerable variation in the frequency with 
which it is reported to have been isolated from their faeces. Tenbroeck 
and Bauer (1922) isolated Cl. tetam from 34*7 per cent, of stools frmn 
78 individuals in Peking. Kerrin (1928-29) examined more than 300 
human stools in Scotland and none yielded Cl. tetani. The wide 
divergmce in these figures may be partly related to the Afferent ways 
of life of the communities investigated. The use of human faeces 
(night-soil) as fertiliser in the fields of China, whose population lives 
in more intimate contact with the soil, will play a part in the re-distribu- 
tion of the bacillus. 

It is uncertain whether this organism flourishes as a saproph 3 rte in 
the soil or is dmved entirely from tiie animal inte^ine. It is topeddly 
prevalent in manured soil, and, fer this reason, a wound tiuot^ skin 
which may be oontiuninated with soil or manure deserves spedd 
attention. Whetiier derived from the soil or tiie feeoes, however, 
tetanus spores occur very wide^; tihey are oomiiioi% present, lor 
instance. In street dust and may be present in the dust mm pbstw in 
' •spitals and hcnises, on doth^ and on artides oommmt use. ' 

PadwceModb.— Tetanus istwudlytheiomdtQf ocmtsmlamhHi^tf a 
Wound wm CL Uiam Tim source of the infection may be sofl^ 
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dhly dothiag or dust, but spores may also be derived fitom ibe sldii^ 
especially in areas of the body that may be contaminated vrith intesrinal 
oi^isms. Spores of Cl. tetani and other ana^bes may be embedded 
in surgical catgut (prepared from sheep^s intestine), and this has 
been the source of infection in some post-operative cases of tetanus. 
The sterility of surgical catgut is rigorously controlled in this 
country. 

If washed spores alone are injected into an animal they fail to 
germinate, are phagocytosed and do not give rise to tetanus. It has 
been shown that the germination of spores of CL tetani is dependent 
on the reduced oxygen tension occurring in devitalised tissue and 
non-viable material in the wound. Infection, when it occurs, remains 
strictly localised in the wound and the tetanic condition is due 1|p the 
effects of a potent diffusible exotoxin on the nervous system. Cirtain 
conditions favour the germination of the spores and the multiplicgdon 
of the organisms in the tissues, e.g. deep puncture wounds; wqtods 
accompanied by compression injury associated with devitalised tisi^es; 
necrotic tissue and effused blood; wounds contaminated with 8oi^\the 
ionised calcium salts and silicic acid in which cause tissue necrosis; 
wounds containing foreign bodies such as pieces of clothing and 
shrapnel; infection by other organisms, such as pyogenic cocci and 
CL welchii. Thus, in war casudties, infection tends to occur when 
there are deep lacerated wounds caused by shrapnel which may carry 
in fragments of muddy clothing and particles of earth. Spores are 
then introduced imder most favourable conditions for the development 
of the organism. Similar wounds may be sustained in civil life, notably 
as a result of gunshot injuries or following acddents on the roads and 
on farms. It should be borne in mind, however, that cases of tetanus 
have been rej^rted, especially m children, in which the infection 
apparently derived from a superficial abrasion, a contaminated splinter 
or a minor thom-prick. CL tetani infection may also occur in the 
uterus, as in cases of septic abortion. Tetanus neonatorum follows 
infection of the umbilical wound of newborn infants. Cases of post- 
operative tetanus have been recorded due to imperfectly sterilised 
catgut, dressings or glove-powder, and some cases of post-operative 
tetanus have been attributed to dust-borne infection of the wound 
at operation. 


Laboratory Dtaj^uMu 

Films may be made from the wound exudate and stained by Gfsm’f 
method; the appearance of “drum-stick** bacilli is su^estive erideno 
of the preseiice of CL tetani, but it is not ctmclushre as other wganiM® 
having terminri spores, which are morphologically in ^ring nishabk 
^m CL tetani, may be present. Moreover, it is often impoariWc tc 
detect the tetanus badlli in wounds by microact^ic examination. 

Direct platii^ on blood agar incubated anaerolrically is often lhi 
^t method of detectii^ CL tetani. The production of teturas in mio 
by subcutaneous injection of an anaerobic fluid culture |mjpared fro® 
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the wound may also he attempted but this tedimque is linuted by dbe 
hict tl^ some strains o£ CL tetam from cases of human tetuius are 
non-pi^og«iic 0 mice. The injection, e.g. 0*2 ml. of a five- to teo« 
(]ay cocdced-meat brofii culture, is made into the tissues to die r^^ 
of the base of die animal’s tail. Withm a day or so in a positive test 
there may be stiffness of the tail and the lund lindis. Tlw r^t hind 
leg is subsequendy paralysed and the tail and spine of die aninnd 
to curve to ^e right. Thereafter, more generalised muscular invoti^ 
ment becomes increasingly evident, and tetanic convulsions .may bB 
elicited by trivial stimuli. Control animals are each protected tvith a 
dose of tetanus andtoxin, e.g. 500 units, injected subcutuieously or 
intraperitoneally one hour prior to inoculation of the culture. 

While signmcant results may thus sometimes be obtained with 
impure or mixed cultures from the wound, it is deurable that the tetanus 
bacillus, if possible, should be obtained in pure culture so that it can 
be identified by its biological characters and its specific toxicity. In 
Fildes* method, which exploits the tendency of Cl. tetam colonies to 
spread and extend beyond the growth of other bacteria, the material 
is incubated anaerobically in 5 per cent, peptic-blood broth for two 
to four days at 37° C. The culture is then heated at 65° C. for 30 
min. to kill spreading non-sporing organisms such as Proteus. The 
condensation water of a peptic-blood agar slope is then inoculated ficom 
the heated culture, and ^e tube is incubated anaerobically. After 
24-48 hours the edge of the culture is examined with a hand lens, when 
a growth of tetantis bacilli is seen as a mass of very fine filaments. 
Subcultures from the maiginal growth frequently yield pure cultures 
of Cl. tetani. (It is advantageous to keep the blo<^-agmr tubes prior to 
inoculation until the surfsce of the medium is dry at ^ top.) 

This method of isolation will not be successful if a non-motile type 
VI strain is involved, and it is advisable to employ additional methods. 
It is recommended, when possible, to vary the degree of preli mm a r y 

heating of portions of the specimen under investigation. Thus, thsue 
from the wound may be ground up with sand under sterile cradituma. 
After direct plating on blood agpn for anaa’dric incubaticm, me- 
quarter of this material may be extracted and used for direct animd 
moculation. The remaining three-quarters is dispensed into six uni- 
versal containers trf freshly prepared cooked-meat medium. Two 
of these arc heated at 80° C. for 10 min., two at 70° C. for 30 mfo. aari 
two are not hatted. After several days* incubatitm at 37° C., subcultitteB 
from these may be made to blood a^, into slake culturea and into the 
condensation water of FiJdto* peptic-blood-agar sl^es as 
described. 

An antitoxin-contioUed {date haemdlyun test finr the meaustiptive 
identification of Cl. Uteud involves the use of hak Idood phttes 
half-smeued wMi tetanus antitoxin (hovHbury y%, 1958). (M. 
tetani producseB haenicdyats which » iidifoitod by tito nntiaannn. Wlfile 
there are aevtmd olijectimis to this tedhniqiiiie (see f9ti^ tite 

method ia oonuenient for the provsskmal screening of large ininfoers of 
^rins. O^SnnatHm ^ motne inoculataon is fetornmeoded; » 
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The Piremitioii of Tetanos 

Proi?'^ and ad^uate wound toilet and proper surgical d^biidenmt 
of wounds are essential steps in the prevention of tetanus as there is an 
inaeased risk that tetanus spores may germinate in a wound if there is 
delay in cleansing or if sepsis develops. Qean superficial wounds that 
receive prompt attention my not require spedfic protection against 
tetanus and it is unreasonable to insist that every small prich or abrasion 
demands protection with antibiotic or antitoxin. Moreover, some 
surgeons consider that patients receiving thorough and prompt wound 
treatment, plus antibiotic treatment when indicated until healing is 
advanced, do not require tetanus antitoxin in addition (see Ministry 
of Health Memo., 19M). Specific prophylaxis is indicated in the case 
of deep wounds, puncture or stab wounds, ragged lacerations, worlds 
associated with bruising and devitalised tissue, and animal bite wounds. 
It is also advisable to regard all open wounds in children, farm woriers 
and road-accident cases as potentially infected with spores of Cl. te^mi 
and requiring protection. 

The method of prophylaxis depends upon the state of immunity bf 
the patient. While some degree of latent immunity is conferred even 
after only one injection of toxoid, for practical purposes it is wise to 
differentiate clearly between those likely to have a definite immunit y 
and those who may not be immune. A patient may be regarded as 
immune for six months following the first two injections, or for five 
years following three injections (or a booster injection) of a planned 
course of tetanus toxoid (p. 335). Tetanus antitoxin should not <]:« 
given to immune patients, but their active immunity should be enhanced 
by giving 0-5 ml. of tetanus toxoid intramuscularly at the time of injury. 

A patient is considered non-immune if he has never had an injection 
of tetanus toxoid or if he has had o^ly one such injection. If more than 
six months have elapsed after a course of two injections, or more than 
five years after a full primary course of three injections (or a booster 
injection) of tetanus toxoid, he may be regarded as non-immune; but 
recent evidence suggests that these time l^ts may be extended. He 
is non-inunune if more than one week has elapsed since a previous 
injection of tetanus antitoxin. He should be considered ncm-immune 
if there is any doubt about his immunisation history. 

Passive immususation . — ^Tetanus antitoxin is given to the non-msmmt 
patient to provide passive protection. Tjhis is usually but not invariably 
^ertive. There may be untoward reactions (q.v.). In some non- 
immune patients antitoxin may be contra-indicated, or antitoxin may 
not be considered a sufficient protection. In such cases, the prophylactic 
use of an antibiotic is reasonable (see below). The usual prophylactic 
d(^ of antitoxin is 1500 units given by intramuscular or subcumseous 
injection as soon as possible after injury. The dose is not rechlPed for 
a child. The injection may be repeated at weddy intervdb as hmg as 
the risk of tetsmus persists. Larger initiai draes, e,g. 3000 to 10,000 
units, m^ be givm when the wound is a severe one. Antitoxin » newf 
given intravenously as a prophylactic measure. 
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ComUned actm-passke mm^ation. — ^It is desirable diat patients 
recdiving passive protection with antitoxin should also be activdy 
inununised against tetanus with toxoid, became, apart from involving 
the risk of anaphylaxis, a second dose of antitoxin tends to be m(^ 
rapidly eliminated than the initial dose and the psusive protectitm 
afforded on the second occasion is reduced. Purified tetanm toxoid 
adsorbed on aluminium hydroxide is a powerful antigen relmsed 
over a period of days and tiie me of tiiis preparation of toxoid 
comes previom objectiom to the concurrent admiiustration of til^inm 
antitoxin for immediate protection and tetanm toxoid for actiro kn* 
munisation (Smith et al, 1%3). Thm, with the precautions outlined 
above, an mjured non-immune patient may receive from separate 
syringes, 1500 units of tetanus antitoxin intramuscularly in one atm and 
0-5 nd. of the adsorbed toxoid preparation in the other. Active im- 
munisation is therefore started at an opportune moment and the 
patient is advised to have a second injection of 0-5 ml. of adsorbed 
toxoid 6-12 weeks later. 

AttHbiotic protection.— Although the prophylactic administration of 
antibiotics to all cases of open wounds is not recommended, there is 
justification for the prophylactic administration of an antibiotic such as 
penicillin to a patient with a previous history of a severe immediate 
reaction to horse serum, in which case antitoxin is withheld. In the 
case of a deep contaminated wound or an open wound associated with 
much devitalised tissue antibiotic protection should be given in addition 
to antitoxin became pyogenic infection is likely to occur in sudi 
wounds and this favours the development of tetanm. Penicillin may 
be given at the time of injury and dosage maintained (either by repeated 
administration or by the use of a long-acting preparation such as 
benzathine penicillin) until healing is established. As m gas gai^rene, 
this additional safeguard cannot take the place of prompt and ad^uate 
surgical wound toilet and it can be criticised on the grounds that steains 
of Cl. tetam vary in their sensitivity to penicillin, that access of anti- 
biotic to the infected area may be impaired, and that penicillinase- 
producing organisms may also be present. Nevertheless, the prompt 
administration of antibiotics can prevoit the development of tetanm 
in animals inoculated with spores of Cl. tetam. The use of a tetia- 
(ycline for this pinpose may be theoretically safer than penicillin. Utere 
is good evidence that the combination of long-term antibiotic protection 
and active inununisation with adsorbed toxoid at the time injury 
may prevent tetanm spores gemunatiig until active immuni^ has 
developed (Smith, 1964). 

The following diagram, slightly unended from that prqwsed 
originally by Lowbury, Batten and London (1961), illmfrates a r»iU^ 
approach to the int^^on of antibiotic prqphyiaxis wkh the other 
measures discussed above; these incoiporate ti>e reconusendaticHiS 
^atish et al. (1957) for the prevention ^ t^m in injured posons. 

Active MumomatioR.— Many aufoorities oonnder 6bit aB persnoS 
^ould be actively immunised against tetanus in vaSaiosy and thefr 
immunity maintained by booster doses oS toxmd m iatwwi ^ five tp 
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ten yean. This » of pardoular value in the case (tf aUeigic patienn» 
since the neoesaity of serum prophylaxis in the evtaat of woundbg, and 
the chance of allergic cmnplications, is avoided. 

A course of dvee 0*5 ml doses of tetanus toxoid (formidHtoxoid 
or the adsorbed toxoid preparation) with intervals of six to twelve wedkl 
between the fint two, and six to twelve months betvveen die second and 
third injections, is of proved value in the prevention tetasm A 
reinforcing (booster) dose of 0*5 ml. toxoid should thereaftw be'giyidi 
at intervals of five to ten yean on at least two further occaaa^ Ip 
maintain immunity. 

A careful record should be kept of all prophylactic injections given, 
and information should include die batch numben of ^e fs^arations 
used and the nature of any reacdons observed. It is especially important 
that a record should be given to the padent or his guardian. 

In the treatment of established tetanus, andtoxin is of proven value 
(Brown et a/., 1960). Reliance is frequently placed on the intravenous 
injecdon of a lai^ initial dose of antitoxin (30,000-200,000 units) 
followed by intramuscular injecdons; results of current invesdgadons 
suggest that an initial dose of 50,000 units, given wholly or partly 
intravenously, gives as good results as those obtained when 200,000 
nits of andtoxin are injected as the initial dose (see Laurence & 
Webster, 1963). At the Intemadonal Conference on Tetanus, Bombay 
1963), it was concluded that an initial dose of 10,000 units of andtoxin 
hould be meanwhile adopted in the treatment of adult cases of tet a nus. 
Vhen intravenous andtoxin is prescribed, it should be preceded by a 
ubcutaneous test dose, followed by an intramuscular test dose, at 
lalf-hour intervals (see below). The antitoxin should be diluted, 
farmed to room temperature and injected very slowly into the recum- 
)ent padent All of the precautions listed below should be observed, 
ntrathecal administration of antitoxin may cause dangerous reactions. 

Encouraging results have been obtained with human antitetanus 
erum in the treatment of tetanus, but it should be borne in mind that 
Ktter results may be at least partly attributable to increasing dull in 
ke general management of tetanus cases (Ellis, 1%3). 

hecaudm to be Observed when pving In view of the risk 

if anaphylactic reactiona following mjections of antitoxin,1toutme 
precautions should be taken before antitoxin is adtninistoed. Informa- 
tion should be obtained from the patient regarding previous sermn 
injections and any history of asthma, infantile ecaema, urticaria os oCoex 
^lergic condition didted. In the absoice of any of these oontn* 
indications the foil dose of antitoxin may be injected forthwiti^ but a 
^erile syringe and needle with adrenalin (1 ml df 1 in 1000,sofotion) 
should be at hand. The patient should be impt warm befom'ttjtd after 
treatment and he dmuld ^ under observatbn for at least 30 min. after 
tire injection., 

If the patient has had a prevbus injemion vS. smim, hut rm 
^ry of dlergyt a subcutaneous test od 0*2 ml antitoxia should 
given, and a M d^ antitoxm may be piven if no general reactions 

Iwe occurred alter ^ min. If the patient gives a hkincy of tdki^ 



3^ medical microbioloot 

die initial test dose should be 0-2 ml. of a 1 in 10 dilute of andtoxin 
sobortaneously. If no general symptona® develop wthin 30 min., ^ 
may be followed by 0-2 ml. of undiluted antitoxin subcu^eously. m 
fbll dose may be given if there are no general reactions^ rfter a further 
30 xnin. 

Chemotherafiye — course of systemic penicillin or tetracycline 
therapy should be given in cases of established tetanus. There may be 
some justification for the local instillation of antibiotic into the weeded 
area after adequate debridement. Antibiotics may also be required to 
control complications such as pneumonia. 

Tetanus in Animals . — ^Many animals are susceptible to tetanus, young 
^nimala being more susceptible than adults. The horse is particularly 
susceptible. Infection may be acquired in lambs, calves, pigs and goats ater 
castration or docking, especially if these operations are performed und^ dirty 
conditions. Young colts may develop tetanus following umbilical infroon. 
In cows, tetanus is usually associated with parturition, especi^y after ipten- 
tion of the placenta. Carnivores are rarely affected and bir^ are ahnost 
completely resistant to the natural disease, although an occasional cas^ has 
been described in geese and in a turkey. The giwea-pig and the inoust^ are 
susceptible to tetanus toxin, and mice are extensively used in the laboratory 
investigation of CL tetofd. 

The blood of most cattle contains neutralising antibodies, with small 
amounts in sheep and goats, which may account for the comparative rareness 
of tetanus in ruminants. The blood of horses, dogs, cats, pigs and humans 
does not normally contain antitoxin. Birds and other naturally resistant 
animals have no antibodies in their blood, so that their immunity cannot be 
attrilxited to the presence of neutralising antibodies similar to those found in 
artificially immunised animals. 

CLOSTRIDIUM BOTULINUM 

Botulism is a fatal form of food poisoning characterised by pro> 
nounced toxic effects mainly on the parasympathetic system— e.j'. 
oculomotor paralysis, pharyngeal paralysis, aphonia, etc. It is not a 
common disease in this country, only four incidoits having been re- 
corded since the Loch Maree tragedy in 1922 when eight victuns died 
after eati^ duck paste infected with CL bottdintm. Six mam tyf^ of 
CL ^tuHnum have been differentiated on the basis of their antigenically 
distinct toxins and designated A, B, C, D, E and F. Types A, B and E 
are most frequently associated with botulism in the huimm subject, 
but types C, D and F have also caused disease in man. 

MorphoU^ and Staining. — ^A sporing baciHus with rounded «(ids, 
about jj. by 0 9-1-2 jit, occurring singly and in pairs. Spores are 
oval, subterminal and slightly ^‘bulging”. The bacilli are mc^e with 
peritrichous flagella, and stain Giam-positivdy unless deg^ienM* 

Cultural Characters. — Strict anaerobe. T^ optimum tetnpeiature 
has been variously stated; earlier workers found growtihi occurr^ 

^ 20®-30® C.; more recent observations indicate that the optimuin 
is about 35"^ C* Grows on ordbary media; meat medium Jidch 
sbundant growth. 
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Surface colonies— large, greyish, irregular, semi-transparent, with 
a central “nucleus” and a reti^lar or fimbriate border; haemol^ on 
horse-blood agar. The semi-transparent colonies of toxigimic ^ 
botuUnum ("TOX” colonies) may be differcmtiated from 0 |>aque 
colonies containing sporing organisms. Toxigenic strains are said to 
revert to non-toxigenic opaque sporing (“OS”) colonisl mutants 
(Dolman, 1957; Dol^n & Murakami, 1961). 

Agar stab — ^a white line of growth, stopping short of the auxfrice, 
with short lateral spikes or radiations; gas production is maiked, 
especially in glucose-agar. 

Gelatin is liquefied. 

Coagulated serum is slowly liquefied, milk-casein is digested and 
meat is digested and usually blackened by tox^enic type A, B, and F 
strains; other strains of A, B and F and types C, D and £ are generally 
non-proteolytic (but see Dolman, 1957). 

The organism ferments glucose and maltose; t 3 rpe A also frequently 
ferments salicin and glycerol; type B ferments glycerol but not salicin; 
type C does not act on either of these substances. 

All types produce lecithinase. 

Viability . — Spores of some strains of Cl. botuUmm withstand moist 
heat at 100° C. for several hours. They are destroyed at 120° C. (moist 
heat) usually within 5 min. Insufficient heating in the process of 
preserving foods is an important factor in the cmisation of this form of 
poisoning, and great care is taken in canning factories to ensure that 
sufficient heating is achieved in all parts of the can contents. 

Antigenic Characters . — In culture media and in contaminated foods. 
Cl. bottiUnum produces a powerful exotoxin which is responsible for the 
pathogenic effects in the disease. This toxin is destroyed when exposed 
to a temperature of 80° C. for 30-40 min. 

The toxin of t3rpe A has been isolated as a pure cr 3 rstalline protein 
and quantitatively is probably the most potent toxic substance in nature, 
the estimated lethal dose for mice being 0-000000033 mg. In spite of 
its potency, the action of the toxin is slow and victims or experimental 
animals may die many days after receiving a lethal dose. The different 
types of the bacillus produce toxins that are immunologically different 
and neutralisable only by the appropriate antitoxin; thus, antitoxin 
produced from toxin A does not neutralise toxin B, and vice verm. 
Type C has been subdivided into two subtypes, C, and C^; C. antitosin 
neutralises C, and toxins, while Cf antitoxin faUs to neutralise C. 
toxin. 

Diffusible haem^ glutinins have been described in culture filtrates 
of Cl. botulimm. 

AndUma can be prepared by immumsing animals with toxmd pre- 
parations, and it is u^ thenq>eutically. In general, a bmahait serum 
l^ntaining antitoxins to fihe A and B Q/pes of toxin is «m{doyed, but 
its efficacy in the treatment of established botulism is doubtful. 

Animtd AifA(gVMfrfry.---^Laboratc^ animals are susceptible to ex- 
perimental inooulatbn and feeding vrim cultures. The «ei^n| omdi- 
I iioQ re8aid>les the human disease m its i^iq>tomatQic^, ffie gumea-|^ 
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showing difficulty in breathing, flaccid paralysis of the abdominal 
muscles and salivation following intraperitoneal injection; at autopsy, 
marked congestion of the internal organs, eictensive thrombosis and 
haemorrhages are noted. 

Pathogenesis. — CL botuUnum is a saprophytic organism and is 
widely distributed. Its natural habitat is soil, even virgin and forest soil. 
It may be found in vegetables, fruits, leaves, mouldy hay, ensilage and 
animal manure. 

Botulism has been found to originate from a considerable variety of 
preserved foods — e,g. ham, sausage, canned meats and vegetables, etc. 
Type E strains occur in fish (see Dolman & Chang, 1953). Foods 
responsible for botulism do not always exhibit signs of spoilage. 
BotuUsm is thought to be due mainly to absorption from the intestine 
of toxin preformed by the bacilli in the food, but there may be sfjttne 
formation of toxin by the organisms after ingestion. u 

In cases of botulism the bacillus may sometimes be demonstrated 
in the stomach contents and faeces, and post mortem in the intesti^I 
contents and in the liver and spleen. It can also be isolated from the 
food responsible for the outbreak. 

Rare cases of wound infection by CL botulinum, resulting in the 
characteristic signs and symptoms of botulism, have been recorded. 

Botulism also occurs in such animals as horses, cattle, sheep and poultry, 
due to feeding on material in which the organism has been growing. Type 

is responsible for a paralytic disease of chickens and botulism of ducks. 
Type Cfi is responsible for forage poisoning in horses and cattle; lamziekte 
of cattle in South Africa is due to tj^e D and results from eating the bones ctf 
decomposed carcases on the veldt. Limberneck of chickens is caused by 
types A and B. The ingestion of the larvae of carrion flies harbouring the 
organism is frequently responsible for botulism in birds. Sporadic out- 
breaks of botulism have been reported in mink in America, Scandinavia 
and England. ' ■ 

Laboratory Diagnosis. — ^As botulism is essentially a food intoxica- 
tion, the suspected food should be examined bacteriologically. It may 
occasionally be possible to demonstrate the presence of toxin in the 
patient’s blood or in post^^mortem material, e,g» blood, liver, by direct 
animal inoculation. 

Gram-stained films of the food may first be examined for sporing 
bacilli. The food is then macerated in sterile salt solution and an 
extract cleared by centrifugation. This may be sterilised by filtration 
prior to animal inoculation. The extract is then injected intraperiton- 
eally into guinea-pigs in 2 ml. amounts. Injections of heated extract 
(ten minutes at 100^ C.) should be made in a group of control animab, 
Mu unheated extract plus the different type antitoxins, if available, may 
be inoimlated into a third group. No deaths should occur in the second 
^oup if a specific botulinum toxin is involved and this may be indicated 
by the third group of tests. 

CL botuUmm may be isolated in pure culture from the food by pm* 
limmary heating of various samples at 65^-80® C. for thirty minutes to 
eliminate non-sporing bacteria. Cultures may then be made under 
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ans^bic conditions on solid media, including a selective medium such 
as Willis and Hobbs* medium, and in cooked-meat broth. Subsequent 
identification of Ch botuUmm is based upon its biological charactott 
and its toxigenicity. Culture filtrates may be prepared from five- to 
ten-day cooked-meat broth cultures and tested for toxicity by animal 
inoculation tests as described above. Faeces and vomit from a case 
botulism may be similarly investi^ted for the causative organism.. . 

Prophylaxis* — ^Home-canning of foodstuffs should be avoided and 
home preservation of meat and vegetables is not advisable. finaiti 
may be bottled safely in the home, heating at only 100® C., since a tew 
pH is inhibitory to the development of CX botulinum. A prophylactic 
dose of antitoxin (10 ml.) should be given intramuscularly to all asympto- 
matic persons who have eaten food suspected of causing botulism. Active 
immunity in man can be produced by the injection of three doses of 
mixed toxoid (types A and B) at two-month intervals, but the incidence 
of the disease under normal conditions does not justify this procedure. 
Similar immunisation of animals against the predominant type may be 
economically worth while and has been carried out in Australia on a 
small scale. 
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CHAPTER 29 
SPmOCHAETES 


The pathogenic and commensal spirochaetes are slender ilexuous spirals 
4-16 in length and 01-0-6 /x thidc. They are composed of r^ular 
tight coils or of loose irregular spirals of varying amplitude. As a group 
these organisms are more highly organised than other bacteria, for in 
addition to a cell wall and cytoplasm they contain from one to twelve 
long fikments applied to their bodies and it is to these structures that 
they owe their shape and in all probability their elasticity and duir- 
acteristic movements. Some cells are only visible by ^k-gi^nd 
microscopy, many can be cultivated and the majority are paras^ in 
vertebrates. The three genera, Treponema^ Borrelia and Leptc^a, 
togeriier constitute the family Treponemataceae. " 


TREPONEMA PALLIDUM 


Syphilis is an infectious venereal disease caused by Tr. palUdm. 
Clinici^y the disease includes a sore on the genitalia which is followed 
by generalisation of the infection with protean clinical manifestations. 
Morphology. — ^An exceed- 


ingly delicate, spiral filament 
6-14 n (average 10 y) by 0-13 
wilii six to twelve coils which 
are comparatively small, sharp 
and regular. The length of the 
coils is about 1 ft and the depth 
1-1 ‘5 ft. The ends are pointed 
and tapering. The organism is 
feebly refractile, and in the 
unstained condition requires 
dai^-ground illumination for its 
demonstration. 

Inelectronmicrographs Tre- 
ponema palUdum is seen to be 
covered by an outer periplast 
which covers the whole organ- 
ism. When this periplast is re- 
moved by digestion with pepsin 
or trypsin three fine fihments 
about 10 m/i in diameter are 



^n twisted around the organ- BORRELIA ViNCBdl 
ism and conforming to its coils. 19 

Fracture of these filaments 

rraults in the disappearance of the organism’s coils; the may 

men be spread out on the supporting fihn, in which 
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were mistaken by earlier woiken for true flagftlla TV. palUdmn k 
therefore not flagdlate (Swain, 1955). nie nature of the fibrHs twisted 
around its protoplasm is imoertain, but it seems likely that ^ey are 
contractUe and concerned in tibe maintetumce of the characteristic shape 
and motility of the organism. 

In addition to tlw typical form, as described, some variation in 
morphology may be observed: the number of coils to foe unitof 
may be more or less than normal, the filament may be thickm/foan 
normal in whole or part and the coils may be shaUower and lew 
than usual. 

The spirochaete shows rotatory corkscrew-like motility and also 
movements of flexion. The coils remain relatively rigid, but there may 
be some expansion and contraction. Angulation, with the organism 
bending almost to towards its centre is highly characteristic. Its 
progression is relatively slow as compared wifo many of the motile 
bacteria. 

The organism divides by transverse binary fissicm. There is good 
evidence for the existence of a more complicated life cycle of reprcSuc- 
tion in the case of cultivated non-pathogenic strains of treponemes such 
as the Reiter spirochaete, in which a granular. Alterable phase has been 
described. Division into four and even more figments has also been 
described. Some observers have claimed that granules or bud-like 
structures may be split off, remaining attached by pedicles or stalks 
before Anal separation. This budded form has also been regarded as a 
phase in the life history of the organism, and various supposed develt^ 
mental bodies differing morphologically from the noniUl spirochaete 
have been described as originating from such structures. 

Staimng. — Tr. pallidum cannot be demonstrated by the ordinary 
staining methods. It can be stained by Giemsa’s solution applied in a 
1 in 10 dilution over a prolonged period (twenty-four hours) or in a 
1 in 2 dilution for an hour, and appears faint pink in colour in contrast 
to the purplish colour of the coarser non-pathogenic spirochaetes. The 
organism may also be demonstrated by Fontana’s silver or the India 
ink methods using the exudate from the chancre. In tissues, the 
spirochaetes can be stained by Le'raditi’s silver impregnation method. 

Cultivation . — It is generally agreed that pathogenic TV. paUidmi 
has not been cultivated in artificial media or in mnbryonated e^ or 
tissue cultures. The organism does grow in the testicles of eaqaeriment- 
ally inoculated rabbits and pathogenic strains can be mamtaii^ in fois 
way (e.g. Niclml’s strain). Certain other strains {e.g. Reiter's strain) 
can be cultured under strictly anaerobic conditions in SmhhoN^cfai 
medium, or in di^t broth <mriched with senun. Tliese strains, 
although original^ isolated from typhititic lesbns, outy have been 
contaminating saprophytes. 

Viabdlky mrtstde ^ body is feel^ under mdii^ eonditions. 
This spirodiaete is a strict {uoasite; it dies nqrtdly m water and is 
very senutive to drying. On the otlmr hand it has been limiid foil 
Tr. palBdkm can retain its vsabilhy and vindenoe m neetopty material 
for some time at otfoboaiy temperatures, askd in serum ki^ in aealed 
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capillary tubes it remains motile for several days. It m readily killed 
by heat (even at 41*5° C. in an hour) and dies out more stowly (in two 
;to three days) if kept at 0°-4” C. TV. pallidum remdns viable in tissue 
slices of nfobit testis for long period at temperatures of —55° to 
-65° C. 

Animal Pathogenicity.— Moakeys have been infected experimentally 
by inoculation of a seized area on the eyebrows and |;enital8, or by 
implanting tissue from a syphilitic lesion under the epidermis. The 
antiiropoid apes are the most susceptible, and lesions typical of primary 
and seconds^ syphilis may result in these animals. Rabbits can also 
be infected in some cases by inoculation in certain sites: inoculation 
into the anterior chamber of the eye produces keratitis and iritis; 
intratesticular injection leads to a syphilitic orchitis; and inoculation 
of the skin of the scrotum may set up a diancre-like sore. Metaratic 
lesions may succeed the primary infection. ' 

Inoculation of mice produces no lesions, and though infection 
place it is symptomless and apparently latent. \ 

Pathogenesis. — ^After exposure to infection there is an incubalion 
period of four to six weeks before the appearance of the initial sore of 
primary syphilis. This lesion shows first as a small red papule usually 
on the genitalia; it gradually enlarges, become indurated and necroses 
in the (^ntre to leave an ulcer; simultaneously there develops a marked 
generalised lymphadenopathy which is most obvious in the inguinal 
region. Spirochaetes are present in large numbers in the primary 
chancre and in the exudate from it. As the sore heals, the organisms 
become 1^ numerous and may not be demonstrable in the exud^, 
but at this stage it may be possible to find them in fluid obtained by 
lymph gland puncture. 

In the secondary stage which develops six to twelve weeks after the 
appearance of the primary chancre, the spirochaetes invade the blood 
stream and are widely disseminated throughout the body. The <^tiniral 
manifestations may include those of fever, a generalised roseolar skin 
rash, mucous patches in the mouth and condylomata of the anus and 
The severity of these lesions is extremely variable and those 
of minor extent may heal and disappear without their presence being 
noticed. 

In the tertiary stage the spirochaetes become localised producing 
low grade inflammatory lesions in the cardiovascular and central 
nervous ^sterns and in chronic granulomata (gununata) in the skin, 
bone and internal organs. Often this process continues for long periods 
and several years may pass before any clinical sign or symptom is 
^parent. Ilius tabes dorsalis and meningo-vascular syp hilis may only 
be detected 5—15 years after the appearance of the primary chan^. 

stage Tr. paUidum can only be demonstrated in the lesions with 
dimcttlty although it can be observed by suitable staining methods in 
^ periphery of gummata, in arterial lesions, and in the cerebral cortex 
tn gtmoral paralysis of the inaarn^. , 

In coi^mtd syphilw, ^irochaetes arc found in certain mtnnsl 
organs, «.g>. hver, often in very large numbers. They are {MreseiKt alto 
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in die dda lesions, tlra blood, end tbe nuiCMa of die intestine and 
bladder, and have been demonstrated in the plaomta. 

^ddemiology. — ^Most cases of syphilis are mntracted during s«tuidl 
intercourse. Ruely, howevor, other forms of direct amtact may 
facilitate the spi^d oi the disesm as is witnessed by primary leskuis on 
the hands of venereologists, the lips after kissing, a^ die «Ain of the 
abdominal wall. The open lesions of the primary and secondary stages 
of syphilis discharge many millions of spirochaetes. Ihe orgamsms 
are so sensitive to the adverse influence of omiditions outshb t^ 
human body that they seldom survive on fomides lorg enough to 
transfer infection. 

During the Second World War the incidence of syphilis increased 
and reach^ its peak in 1946 (23,878 cases in England and Wales). With 
the introduction of penicillin therapy there was a dramatic decline in 
the years that followed and a more gradual fall in the decade 1951'^1 
(from 8,432 to 4,442 clinic cases in England and Wales). During this 
time clinic cases of gonorrhoea increased from 18,064 to 37,107 and 
there is some evidence of an increase in the incidence of infecticnis 
syphilis in the past few years (BMA Report, 1964). 

Each case of syphilis is a potential source of a small outbreak of the 
disease and 10-20 cases may be traced to a single individual. Control 
of the disease depends on early diagnosis, case and contact tradi^, 
effective chemotherapy of cases to reduce infectivity, sex education and 
other social measures. No protective vacdnes exist. 

Chemothen^. — Penicillin is highly effective in the treatment of 
syphilis but the results obtained depend on the stage and nature of the 
(hsease. Broad spectrum antibiotics such as the tetracyclines m:e almost 
as effective as penicillin. 


Laboratory Diagnosis 

The clinical diagnosis of syphilis is confirmed in the laboratory by 
finding TV. palUdum in the exudates from the lesions or in the tissues 
and by demonstrating antibodies in the serum. 

The Examination of Syphilitic Exudates. — ^There is a serious 
risk of infection to the person who collects spedmens from pidients 
with primary or secondary syphilis and it is mqKutant to wear rubber 
gloves and to exercise great care in handling the letions. The sore 
is first cleansed carefully with a gauze swab soaked in warm normal 
saline and the maigins are gently craped so that superficial 
thelium is diraded. Gentle pressure is applied to the base of the 
chancre imtil serum exudes from its surfsoe; if this serum ra Idood- 
ttained it should be wiped away and the process rq>e8ted until a deM^ 
fiuid is obtained. Excessive numbers of rra blood c^ in tiie ^^eommi 
>&U8t be avcuded as tiiqr tend to obscure the sfumdiaeteSi. Wet i^as 
ue now made on thin gims sUdes, oovered wm a thin coyen^ and 
examined uiuter the darir ground microseqae. If tim exanrination has 
tobe made in a laboratory at some distiaice acme the exudate diould 
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be taken up into several capillary lubes, bodi endb fd vi4uch are tben 
sealed in a flame. Do not store in the refrigerator or the incubator 
(37“ C.). 

If a local antiseptic has been applied to the sore spirodia^es may 
not be found until a wet dressing of gauze soaked in sterile normal 
saline has been applied to the sore for 24^ hours. When antisyphilitic 
treatment {e.g. penicillin), has been used before the e^caminatinn the 
likelihood of a successM microscopic diagnosis is greatly dimin. 
ished. 

If a primary sore is healing the macroscopic examination of the 
exudate is often negative. At this stage, however, the spiiochaetes 
may be found in the fluid aspirated with a syringe from enlaiged 
inguinal lymph glands. Before reliance can ^ placed on negative 
findings, ^e microscopical examination must be repeated on ^ least 
three occasions at daily intervals. i 

The observation of living motile spirochaetes under the dark »(nmd 
microseope is the most satisfactory method and in experienced l^ds 
provides a rapid and reliable diagnosis. Tr. pallidum is recogni^d by 
ite slender spiral structure, characteristic slow movements, and angula- 
tion. It must be carefully distinguished from the many other spiro- 
chaetes which can be found in ulcerating sores (e.g. Tr. callygyrxm). 
If no dark ^und microscope is available a wet film of the exudate 
mixed with India ink may be examined or Fontaiui’s staining method 
can be used. 

In the secondary stage spirochaetes can be demonstrated in the 
serous exudate obtained from the skin eruption by scarifying , and 
“cupping” with test tubes. The spirochaetes are also present in large 
numbers in the mucous patches in the mouth and in condylomata about 
the vulva and anus. Specimens from these situations, however, may 
contain laige nuinbers of non-pathogenic spirochaetes which may be 
morphologically identical with Tr, pallidum and great caution is re- 
quired in reporting the observations. 

Serological Methods. — ^Three distinct antibodies appear in the| 
serum after a syphilitic infection. The first is known as a “reagin” and 
reacts with an antigen compc^ of an alcoholic extract of heart musde 
to which cholesterol and lecithin have been added; it can be demon- 
strated eithw by implement fixation as in the Waasermann reaction or 
by flocculation as in the Kahn or similar tests. Reactions which demon-j 
strate the presence of the “reapn” are known as the standard tests foil 
syphilis (STS) or as conventional tests. 4 second antibody rcacq 
with a protein component found in the spirochaetal bodies of a non 
^thogenic strain of TV. pallidum and can be demonstrated in the Rdte: 
Protein Complement Fixation Test (RPCF). The third antibod] 
wets directly with a pathogenic strain of TV. paUidum and can b 
dwonstrated in the Treponema Iminobilisation and Fhwrescen 
Trqponwnal Antibody tests (TTI and FTA). 

Standard Tesib for Stphilis (STS).--T'*s Wamhumm Bt 
uaually becomes weakly positive at tte thir 

week after tiie ^pearance of the primary sore; tiie degree of.positivit 
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iitcrante aad tite test is nurkediy pcmtive by the sixth vnuk; io the 
gecood^ stage it is always strongly posidve. Oroauonafly, however, 
a posidve reacdon is slow to develop and if, at first, a negative result 
is obtained it is essential to repeat ^ test on two or more occasi<Hi8 
before excluding s]^hilis. A native reacdon in a case of su^tected 
secondary syph^ is highly dgnificant in excluding syi^dc infection 
but in supposed tertiary or latent cases the negative firming dees not 
exclude t^ disease. Thus in 20-30 per cent of casn of tabes dorsiib 
and in about 10 per cent of cases of meningo*vrocular syphilis tbe test 
is negative. 

In cases of tertiary syphilis the reaction should be carried out on the 
arebrospinal fluid as well as on die blood. The cerebrospinal fluid 
tves a positive reaction in virtually all cases of general paresis, and in 
lost cases of tabes dorsalis at some stage, although during remissions 
may be negative; in meningo-vascular syphilis about one half of the 
ises give a positive reaction. 

Flocculation Tests such as the Kahn or VDRL tests are often used 
ir screening tests on sera because they are quick and simple to carry 
ut The results of these reactions, however, do not always run parallel 
ith those of the Wassermann Reaction and to obtain the maximum 
mount of information both tests must be canied out in parallel. In 
eneral flocculation tests are more sensitive but less specific titan the 
i^assermann reaction. Repeated positive tests with both methods give 
reliable indication of syphilis. Furthermore one reaction acts as a 
beck on the other and al^ough a positive finding with one test in the 
resence of a negative finding with the other may be diagnostic of 
^rphilis, such a discrepancy indicates the need for repeated serological 
‘.sting and the employment of more specific reactions witii spirochaetal 
ntigens {vide infra). 

The Wassermann and flocculation reactions are constantly praitive 
1 yaws, bejel and pinta which are diseases caused by spirochaetes very 
losely related to Tr. palHdtsm. In tropical and subtropical regbns &e 
erological differentiation of these diseases from syphilis may be a 
natter of great difficulty. 

Stbiqgu; False Positive Reactions . — Since the lipoidal antigm used 
n the Wassermann and flocculation tests is non-specific in nature it is 
lot surprising that false positive reactions occur in a ronsi^rable 
lumber of conditions quite unrelated to ^hila. Although sudi fldse 
positive reactions cause difficulties in interpretation tiuy to not occur 
vith suf^nt frequency to detract from the general ffii^ostic vrdue 
of the tests. The highest incidence of these reactions is in malaria 
(MO per cent), lepro^ (especially the nodular type), oolh^ diseases 
aich as hqnis erytitematosua and periarteritis nodosa, infisctknni moiBO^- 
nucelosis, measlM and rubella. Ihey have been occanonally n^or^ 
ut almost all febrile dkeases and occur reguhdy in a small 
of cases tif relapungTfever, leptospircMis,^ siariatina, pnemtiiiRtia 
bactcarU or vhal or^itt typhus, lymphograteilmna venereum, infectiebs 
hepatitis, vaiiodia and trypancwomiasis. In addition tii^ may be 
found tikiet blood droation, smallpox vacdnation, the admintsteation 
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d tetanus toxoid or dierapeutic injections of serum. During 
nancy weakly positive reactions may occur but they gradually 
and disappear after the birth of fhe child. 

Biolc^^cal false positive tests often take the form of a positive Kat^ 
test associated with a negative Wassermann reaction, but latoit or 
treated syphilis may also present this finding. In su<^ circumstances 
the Kahn vernation test is often helpful in distinguishing true syphilitic 
from non-^ecific reactions. A positive STS in association with a 
negative Ka^ verification test is almost always non-specific. 

Treponemal Antibody Tests.— TAc ReiUr Protein Complement- 
Fixation (RPCF) Test employs as an antigen a protein extract 
obtained by the ammonium sulphate precipitation of a suspension of 
non-pathogenic spirochaetes obtained from cultures of the Inter’s 
strain of Tr. pallidum (D’AIessandro & Dardanoni, 1953). Sejqueira 
(1959), Wilkinson & Johnston (1959) and Foster, Nicol & StoneYl958) 
are all in agr^ent that the RPCF Test is more sensitive and|more 
specific than the standard tests for syphilis. There has not yet^been 
sufficient time for a full evaluation of this test, but in general it Vfould 
appear that it agrees closely but not completely with the TPI test In 
primary untreated syphilis as well as in the later stages the RPCF 
test has a sensitivity equal to the STS The incidence of positive 
findings in sera giving biologically false positive STS is markedly 
reduced but a small proportion of non-specific positive and false negative 
ructions do occur (Bekker, 1962). Since the RPCF test is no more 
difficult to carry out than the Wassermann reaction and as the antigen 
is available comm«cially (Organon Laboratories), it is very 8uitid)le 
for routine serological work. 

The Treponema Pallidum ImmMUsaiwn (TPI) Test depends on the 
observation of immob^sation of living spirochaetes when they are 
incubated with syphilitic sera. Dilutions of the serum to be tested are 
mixed wth a suspension of motile Tr, pallidum (Nichol’s strain) which 
are maintained in the laboratory by the intra-testicular inoculation of 
rabbits. An appropriate amount of fresh complement is added and after 
incubation the test is read by determimng, under the dark ground micro- 
srope, the proportion of treponemes which have been immobilised. 
This proportion is then compared with a similar estimate of the spiro- 
chaetes immobilised by normal and known positive control sera (Nelson 
& Mayer, 1949; Wilkinson & Johnston, 1959). The test is complicated 
to perform, expensive in animals and reagents, and is very time con- 
summg. It is not suitable for use as a routine test and is reserved for 
specially selected cases. 

T^e TPI test is generally accepted as being almost completely 
specific an^ positive findii^ is a reliable indication of syphilitic 
f of the test, however, is not so great as that 

of the STS and negative findings may be obtained in untreated cases 
ot primary ^ euly secondary 83rphilis and afro in congenital syphilis 
(S^ue^ & WiU^n, 1955 ; Wilkinson & Sequeim, 1955). The ^ 
va ue of the trat is in latent and tertiary syqihilfr and in clarifying those ' 
problems vrtuch arise when discrepancies occur in the STS, e.g. bio-j 
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logical false poutiVe reactions. 1%e TPI test remains positive for 
long periods even after the STS have become negative and thus it is 
of lime value in following the effecte of treatment. Since tjw TTIi 
test has the highest specificity of all the tests for syphilitic antib od ies 
it is used as a reference in assessing the value of other tests. 

The Fbareseent Treponemal Antibody (FTA) Test aStm an altm*' 
native to the TPI test and is simpler and easier to carry cmt. The 
antigen used is a suspension of treponemes of the Nichol’s strain of 
fr. pallidum which remains stable for several months at refrigrarator 
temperature. The antibody with which this antigen unites would 
appear to be identical with that reacting in the TPI test. Smears of 
the antigen are treated with dilutions of the patient’s serum, stained 
with a fluorescein labelled antiserum to human gamma-globulin smd 
then examined in the fluorescent microscope (Wii^nson, 1%1). Pre- 
liminary reports suggest that this test has a high level of sensitivity and 
specificity and also indicate that it gives positive findings in the early 
stages of primary syphilis. In late untreated cases the FTA test 
remains positive for prolonged periods in the same manner as the 
TPI test (Deacon, Freeman, & Harris, 1960). 

The FTA test has a number of economic and technical advantages 
over the TPI test. The time required to carry out the test is short and 
the results can be read after 30 min. incubation at 37° C. The standard 
antigen is stable and retains its potency for months, only minimal 
amounts of glassware are needed and the only other reagents required 
are a phosphate buffered saline diluent pH 7'3-7-4 and a 2 per cent, 
solution of Tween 80. 

In routine di^nostic work a combination of serological methods 
must be used. Two tests for the reagin antibody are required; one 
of high sensitivity such as the YDRL or Kahn Test and one of 
norm^ sensitivity such as the WR In addition a third test for an 
unrelated treponemal antibody is needed and for fliis the RPCF test 
is recommen^d as convenient, inexpensive, highly sensitive, and very 
specific; alternatively, where microscopicd facilities exist the FTA 
can be used with excellent results. When discrepancies are found 
the TPI test is the final reference test for the differentiation of 
syphilitic from biologic false positive reactions. 


Non-venereai Sy^iilis 

Althou^ syphilis is a venoreal disease, conditions witih closely 
similar dimcal numifestations occur in circumstances when it seems 
scarcely possible that infection was transmitted during sextud inter- 
murse. One such condition is B^el, whidh is found in B^buia Arabs 
in Syria and Iraq. Bejel occmispie^minantly in young chihlrett vdK) 
show mucous patches and other lesioxui <ff secondi^ sydluhs wiflbout 
u a rule havmg any primary lesion. It is thought 1^ m infeefion is 
^tansmitted fay dose poMnd amtact or centammated driakiag 
'vessels or other utensils; inswnecasesdmihihi hasltewiiBfBdod friiw 
‘ primary duumre (m die dte imt»hg isollimr- Mess^g^ 
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VBKular leuons nuiy occur ss l&te ma&ifestations but mvolvdneQt of 
4e c^tral nervous sjrstem is me. 

Closely similsr diseases which are sometunes referred to as endraiuc 
syphilis have been reported in Bosnia, West Africa, .Southern Rhodesia 
and in India. Except for the mode of transmission and the epidemio- 
logical findings endemic syphilis does not differ essentially from 
venereal syphilis and the laboratory diagnosis and treatment of both 
diseases is the same. 


TREPONEMA FERTENUE 

This spirochaete is the cause of Yatos (Framboesia) a chronic disease 
which is virtually limited to humid tropical areas. primary l|sion, 
which is practically always extra-genital, takes the form of a psanless 
yellowish-red papule which slowly erodes and becomes an ulcaated 
discharging granuloma. This “mother yaw” is followed sue we^ to 
three months later by generalised secondary superficial lesions of si^ar 
appearances situated on the limbs, neck and at muco-cutaneous junc- 
tions on the face and genitalia. The later manifestations of yaws include 
destructive lesions of bone in about 15 per cent, of cases, but cardio- 
vascular and neurological complications are rare. Treponemata abound 
in the exudates from the lesion and the infection is transmitted by direct 
personal contact, the spirochaetes entering the new host throt^h small 
skin abrasions. Flies may play a part as vectors of infections and 
Hippolates palUpes has been observed to feed on the open lesions; Tr. 
pertenue persists in the proventriculus of the insect for upward of 
seven hours and is regurgitated when the fly feeds i^;ain. 

Tr. perterme is indistinguishable from Tr. pallidum in morphology, 
motility, staining properties, ability to provoke reagin and tre^ne^ 
antibodies, and in its susceptibility to arsenical drugs and antibiotics. 
Thus the diagnostic procedures and treatment are the same as those 
used in S 3 philis. A long-acting penicillin is the drug of choice and a 
dramatic response follows its use. 

Treponema Carateum (Tr. lierrejoni) 

This spirochaete is the cause of Pinta, a disease of dark-skiimed races 
in the West Indies, Central and South America and in some parts of 
the Pacific. The primary lesion, which is extra-genital and non- 
ulcerating, appears as an erythematous, scaly patch about one centi- 
metre in diameter assuming Uter a psoriatic or Uchenifotm appearance. 
It is foUot^ after about five months by secondary lesions (ff a sunilar; 
nature wMch later become characteristically depigmented and hyp«-' 
kerat^. Progressive hyperpigmentation of some arms foUovm to 
a third stage of the illness characterised by muhkx^bured lestons.! 
Involvement of the cardiovascular and central nervous systems occora 
late in the disease. Tr. carateum can be deiiionstrst^ in the skxnkssaH 
and m the lymphatic glands. Transmismon is not and 
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occurs by direct oontsidt. E&e ysm, ptnia may be spread by the fly 
jlippolates palUp^. 

Tr. eta^atmtm is morphologically indistinguishable from Tr. ptdMtan; 
which it resembles dosely in many other respects. Immunol^cally« 
however, there may be some difference because patiente with pints csm 
contract S3rphilis and syphilitic subjects have been succemfully infect^ 
experimentally with pinta. The methods for the laboratory diagaopS'. 
and treatment of pinta are the same as those used for yaws a^ 8yphi9Sp 


OTHER TREPONEMATA 

Treponema calUgyrum (or gracUe). — ^This organism may occur in the 
ecretions of the genitals, and morphologically resembles Tr. pallidum. 
ts differentiation from the latter is therefore of practical importance in 
yphilis diagnosis. It is not usually found if care had been taken to 
•btain serum from below the surface of the chancre. It is thicker than 
fr. pallidum and its spirals are shallower; by the dark-ground illumina- 
ion method it appears “glistening”, whereas Tr. pallidum is “dead 
ffhite” ; it stains more readily than Tr. pallidum by Giemsa’s method. 

Treponema genitalis, which is very similar to Tr. paJUdsm, has also 
Deen described as a commensal on the genital mucosa. 

Treponema microdentium. — ^This organism flourishes in carious teeth, 
and may be found in the secretion between the teeth. It dosely 
resembles Tr. pallidum in morphology, but is shorter (3-10 ft), and the 
coils are shallower. It is more easily stained by the ordinary methods 
than Tr. pallidum. 

Treponema mucosum, — Similar to Tr. microdentium in morphology, 
but is stated to have the property of producing a mucin-like st^stance. 

Treponema macrodentium. — Occurs in the mouth like Tr. muro- 
ientium. It bears some resemblance to Tr. pallidum, but is lar^r ai^ 
thicker, with larger and less regular coils, usually two to eig^t in 
number. Its mo^ty is also more active. It is more easily stained ffxan 
Tr. pallidum and is coloured blue by Giemsa’s method. 

Treponema cunicuU. — ^Associated with an infectious disem of rsMuts, 
which usually takes the form of a chronic local and superfidal infection of the 
genitals. The spirochaetes can be demonstrated in the em^te flwm ^e 

ons and in tissue sections. They are morphologically identical with 
Tr. paUidum;. 


BORREUAE 

These are Im-ge, motile, lefractile spirodiaetes (about 10-30 ft by 
3-3-0-7 ft), wkh irregular wide and op«i coils, which are xebtdvdy few 
number. Tluty are easily stained by the ordinary methods, said am 
l^iam-negative. Some occur as oonunmiaali sm eanoew mucous 
nbranes, eg. mouth, and iii gangrenous wad ulcmatxse C o nd o ns 
flte of the body, the mmith and throat and dm genffals. 

feUa buccedit m jfound m the heahity mopdi* i^iia 
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wavy serpentine movements. Borrelia rejnt^eus ocrara o^l tibe 
normal mucous membranes of the genital and anal regions. i$ 
actively motile with lashing and rotating movtments; under 
field microscope it is refractile and appears brighter than other s^pbo- 
chaetes. This type of organism may also be found in the surfi^ exndate 
of a 83 rphilitic sore, and. has to be differentiated morphologically from 
the TV. pdlUdum. Other BorreUae are pathogenic md cause relapting 
fever in man and the disease of fowls known as “spirochaetosis”. 


BOKRELU VlNCENn 

Borrelia vincenti is generally associated with a large fusiform bacillus 
— Fusohacterium fusiforme — and large numbers of both these organisms 
can be found in a variety of mouth lesions and ulcerative and noetic 
processes elsewhere in the body. They are constantly observed i^ the 
exudates of the pseudomembranous ulcers on the pharynx and tohsils 
in Vincent’s angina and in the inflamed gum margins in acute ulcer^^ve 
gingivitis; they are also occasionally found in the lesions of aoiite 
balanitis, lung abscess, bronchiectasis, and in chronic ulceration of the 
skin especially in tropical countries. 

Morphology and Staimtig. — Borr. vincenti is 7-18 n long and 0'2-0-6 
/Lt wide. There are three to eight loose, open coils varying greatly in 
amplitude and the organism is actively motile with coarse lashing 
movements. It resembles Borr. rejnngens, but is sometimes described 
as smaller and more delicate. The spirochaetes are Gram-negative and 
stain readily with dilute carbol fiichsin, methyl violet, and with 
Giemsa’s and Leishman’s stains. Under the electron microscope Borr. 
vincenti is seen to have a clear-cut wall within which some ten axial 
filaments are twisted spirally around the protoplasm of the body of 
the spirochaete (see fig. 19). 

Cultivation. — Borr. vincenti is an obligate anaerobe. It can be 
cultivated in vaseline sealed tubes containing digest broth enriched with 
ascitic fluid; it grows abundantly in mixed primary cultures but is 
extremely difficult to maintain in pure culture. 

Pathogeoesis. Borr. vincenti and its comcomitant fusiform bacillus 
form a symbiotic combination which is found in small numbm in- 
habiting the healthy gum, but the numbers may increase enormously 
when the resistance of the local tissues is reduced. Thus infection with 
tirese organisms is superimposed when the superficial tissue is damaged 
by trauma, deficiencies of vitamins such as ascorbic add or iriacin, 
infection with the virus of herpes simplex, infectious mononudeosis, 
or bacterial invasion by haemolytic streptococci or diphtheria badlli. 
In aglanulocytosis and leukaemia the infection is often seen as a com- 
plicaticm. It is probable that these microorganisms are secondary 
invaders rather tlm primary pathogens. 

E^demiology. — ^The source of infection is the patient’s own moufli 
amd tiw disease is not contagioos but sporadic. Epidemies of ih^ 
infe c ticB i have, however, been reported in chil<iw»n and ytMoig adults. 



BOSRELIA RECURRENTIS 353 

Duriog the First Work! War the condition was so conunon in soldiers 
that it was known as “Trench Mouth”. Poor nutrition and poor dental 
hygiene are factors which are thought to facilitate infection and the 
transmission of a virus (e.g. herpes simplex) in a 8uscq>tible population 
may also play a part. 

Laboratory Diagnosis. — Smears are made directly from the ulcer- 
ative lesioiu in the mouth or from swabs and are stamed with dilute 
carbol fuchsin. A clinical diagnods of Vincent’s infection should be 
confirmed when very large numbda of bodi the spirochaetes and the 
typically barred fusiform bacilli are seen together with the many pus cdUs. 
wMch indicate the presence of an active inflammatory process; Cultural 
procedures are not satisfactory for diagnosis of the infection but are 
necessary because other pathogenic organisms such as haemolytic 
streptococci or diphtheria bacilli may also be present. 

CStemotherapy. — ^Vincent’s organisms are highly sensitive to peni- 
cillin which is the drug of choice. The organisms are also sensitive to 
tetracyclines. 


BORSELIA BECURRENHS (OBERMEIERl) 

The causative organism of European Relapsing Fever. 

Morphology and Staining . — ^This organism is a spiral filament, 
cylindrical or flattened, with tapering ends, varying in length, as a rule, 
from 10 to 20 /tt, and about 0-3-0-5 fi broad, with about five to seven 
fairly regular coils 0*9-1 *7 in amplitude. Active motility of a rotatory or 
oscillating t 3 rpe is noted in fresh preparations. Multiplication is by 
transverse firaion. The structure of the organism as it is seen under the 
electron microscope is that of a bundle of some twelve filaments twisted 
spirally around the spirochaetal body external to the cell wall. These 
filaments are similar to those seen in TV. palUdum and are probably 
concerned in the contractile movements of the organism, lliey are 
rather easily displaced during the manipulations of staining and may 
resemble flagella, for which at one time they were mistaken. The whole 
spirochaete is covered by a layer of slime-like material to a thickness of 
about 0*08 ft. 

This spirochaete stains readily with Romanowsky stains (e.g. Leish- 
man’s), and may exhibit uniform staining or beadix^. It can be stained 
also with carbol fuchsin, and is Gram-negative. In £te^ preparations 
of blood it can be seen with the ordinary microscope, but daxk-groui^ 
or preferably phase-contrast illumination is more suitable £or its 
demonstration in the living state. Silver impregnation methoik may 
also be used for demonstrating the spirodiaete in films or tissues. 

Ctiltirati<w.---Artifi{aal cultures were first obtahted anaerobically in 
Smith-Nogudu medium, dtrated blood containing quiodiaetes ficom 
an infected animal, t.g, a vdiite tat, be^ \teed as the inooihun. 

Cultures have also bean obtai^ in tibe hawing me«^ but tiie 
organism does not readily achq>t itself to artificial growth in tSie 
oratory:. (1) horse serum diluted with 2 {uuts q£ sa&ie aoli^iim, 
z 
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with 1 ml. of broth, containing 10 per cent, peptone, added to 10 ml. 
of the diluted serum; for subcultures, a drop of rabbit blood is also 
added; the medium is covered with a paraffin seal; (2) 20 per cent, 
rabbit serum with 80 per cent. Hartley’s broth in tubes to each of which 
1 g. of coagulated egg albumin is added; a vaseline seal is super* 
imposed and the cultures are incubated at 30° C. ; (3) egg alhnmin is 
placed in a test-tube and coagulated by heat in the form of a slope ; 5 ml. 
of horse serum diluted 1 : 10 or rabbit senun diluted 1 : 5 are then 
added, the serum having previously been heated at 58°-60“ C. for one 
hour; the medium is covered with a layer of sterile vaseline; before 
an inoculation is made, a drop of fresh rabbit or human blood is added. 
The spirochaetes may also be grown in the chick embryo. The in- 
oculum is introduced into the allantoic cavity of 17-18 day embryos 
and on hatching large numbers of spirochaetes can be found irii the 
chick’s blood (Oag, 1940). 

Pathogenesis. — The organism is present in the peripheral biiW 
during the pyrexial stage of the illness, and can be detected in bl^d 
films. When defervescence occurs it disappears from the blood, but 
may still be present in considerable numbers in the spleen, where it\is 
phago^osed by large mononuclear cells. 

It is transmitted from person to person by the body louse, Pediculus 
humatm var. corporis. Mxot this insect has sucked blood from the 
infected individual the organisms are demonstrable in the stomach for 
a day, and then disappear. They reappear after about six days in the 
body cavity, become widespread throughout the body of the insect and 
are traiwmitted to the eggs. Infection results either through the con- 
tamination of the bite-wound with the infective excreta of the louse, 
or by crushing of the infected lice with the fingers in the act of scratching 
and by the simultaneous inoculation of the abrasions. Monkeys, white 
mce and white rats can be infected experimentally by subcutaneous 
injection of blood from a case of relapsing fever. The guinea-pig is 
not susceptible. 

Chemotherapy. — Borr. recurrentis is sensitive to penicillin and also 
to the tetracyclines. 

Bmrelia duttoni 

l^e organism of West Africa Relapsing Fever (African tick fever). 

This organism is morphologically similar to Borr. obemteieri, but 
represente a separate species. Granules with the staining reactions of 
chromatin have also been observed in the spirochaete ; these apparently 
Mparate from the spirochete, and have been regarded as a phase in thr 
lue hutory of the organism. There is electron microscopical evideno 
that these granules contain coiled-up spirochaetes. It seems probable 
that they are formed under adveirse physical conditions and that thej 
rqrrewnt a re^tig phase rather than a stage in rmroductioR. Sucl 
graiml» Mve been noted in the Malpighian tubules of infective ticks 

mrr. atOUm is transmitted by ticks (OrrUthodorus moubata and othei 
wecies). After taking a blood meal a tide may remain infective for » 
long as five years. The ^irochaetes are transmitted transovarially ^ 
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succeeding geoierations of tides. Man is infected in most cases from 
contamination of the bite wound by infective excreta of the tickj hut 
occasionally the bite itself or particularly the bite of the larva may also 
transfer the spirochaetes. The main mammalian reservoir of infection 
is small rodents but pigs, porcupines, opossums and armadillos may 
also harbour the spirochaetes. 

Borr, duttmi is pathogenic to monkeys and certain laboralpry 
animals (e.g. rat, mouse). It possesses a fftzter virulence for monkeys 
and other animals than Bon, recanentis. Like Borr. recuneniki Bon. 
duttoni is sensitive to penicillin and the tetracycline^ 

Other Relapsing Fever Spirochaetes.— The originaUy described 
spirochaete of NorA American relapsing fever resembles Bon. re- 
currentisy but has been regarded as a spearate species on the basis of 
immunity reactions. It has been designated BoneUa novyi. It is 
louse-borne. 

The organism of Indian relapsing fever also corresponds in its 
biology and pathogenesis to Bon. recurrentis. It has been named 
Bonelia carters but it is doubtful if the Indian strains can be diflFer- 
entiated from the European. This infection is also louse-borne. 

Various specific names have been given to relapsing fever spirochaetes in 
different parts of the world, but it is questionable whe&er all these biological 
designations are justified. 

L^use-bome spirochaetal relapsing fever, similar to the Indian form, 
occurs in various parts of Asia, but in Central Asia tick-borne relapsing fever 
is also present. 

The common form of relapsing fever in North Africa is louse-borne. In 
tropical Africa the prevalent type is tick-borne {African tick fever, vide Sttpra\ 
though louse-borne infections occur in West Africa. 

In the United States, Central and South America both louse-borne and 
tick-borne forms of the disease have been observed. 

Immunity to the Relapsing Fever Spirochaetes. — Recovery from an 
attack is associated with the appearance of agglutinating and lytic 
antibodies in the blood serum (Stein 1944), and in this way the general 
infection is temporarily checked, though spirochaetes may still persist in 
the internal organs. It would appear that the relapse is due to antigenic 
variation in the surviving spirochaetes. The variant strain, uninfluenced 
by the antibodies produced towards the parent organisms, is able to 
flourish and re-infect the blood. Multiple relapses, as in African re- 
lapsing fever, arc apparently due to repeated antigenic variation. In 
Indian relapsing fever in which there are usually two attacks only, the 
relapse-strain transmitted experimentally to animals reverts to the 
serological characters of the original strain after producing a fct 
attack in the animal. 


Labcnratory Dsagnorib 

During the pyrexial phases, the spirochaetes can frequently be 
demonstrated in the blood, but not during apyrexial intervals. 

Thin or thidc blood films are made as in malaria diagnosis, and 
stained hy Leishman’s method. 
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Some workers prefer to stain the films with dilute carbol fudwuL 

If a drop of blood is mounted on a sli<fc under a cover-slip and 
CTaminwH with the oil-immersion lens, the spirochaetes may be detected 
in the unstained condition and show active movement. A more satis- 
fectory method of demonstrating them, however, is by daric-ground, 
or phase-contrast illumination. 

If spirochaetes are not detectable, inoculation intraperitoneally of 
white mice with 10-2 0 ml. blood drawn from a vein may reveal the 
infe ction, the orga nisms appearing in considerable numbers in the 
blood of the animals. A drop of blood from the tail of the inoculated 
animal is examined daily for a considerable period. An inoculum of 
0-2 ml. of blood into the chorio-allantoic sac of the chick embryo may 
also be used. 

Lice taken from a case can be examined for spirochaetes by keeping 
them in a test-tube for a day, then placing them in drops of distilled 
water on slides and piercing them with a needle so that the haemol^e 
fluid becomes mixed with the water, which is then examined midfo- 
scopically by dark-ground illumination. The spirochaetes can also be 
demonstrated in ticks by examining stained films from the stomach 
contents. 

Borrelia theileri 

This spirochaete is responsible for a blood infection occurring in cattle, 
sheep and horses in Africa. The disease is of a comparatively mild type. The 
organism appears as a spiral filament, 10-30 /x by 0’25-0‘3 ft, and is actively 
motile when seen in fresh preparations of blood. It is transmitted by a tick 
{^Margaropus decoloratus). 

Borrelia anserina 

This organism is the cause of "fowl spirochaetosis" a septicaemic disease 
with a hi gh mortality. Geese, ducks, turkeys and other poultry may also be 
affected. The disease occurs in the Middle East, the Sudan and other parts 
of Africa and in North and South America. Barr, anserina can be seen in 
the blood of the infected bird both in unstained preparations and in films 
stained by a Romanowsky stain or (filute carbol fuchsin. It is a motile spiral 
organism, 10-20 (i in length by 0*3 ft in breadth, and exhibits several coils. 
Artificial cultures have been obtained in Smith-Noguchi medium. The 
disease is transmitted by ticks, e.g. Argos persicus, and a granular phase has 
been described analogous to that observed in the case of Borr. dsUtoni {vide 
supra). By experimental inoculation various species of birds may be infected, 
but mammals are not susceptible. Birds at the height of infection can be 
cured by the use of penicillin. 
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CHAPTER 30 


SnROCHAETES {continued) 

Leptospira 

The genus Leptospira consists of a group of spirochaetal organisms 
some of which cause leptospirosis in man and animals. It includes both 
saprophytic and parasitic members. The saproph}rtes derived from 
water are known collectively as Leptospira btfiexa. They are distin- 
guished from parasitic leptospires by their inability to infect animals 
and by the ease with which they can be grown in simple media witl^put 
the addition of serum. The parasitic members include all the knd^ 
pathogenic leptospires of man and animals. ■ They are indistinguishaole 
from one another morphologically and culturally and any differences' in 
their pathogenicity, geographical distribution and animal host predil^- 
tion are not sufficiently constant to form the basis for classifying thPm 
into further species. Antigenic differences however exist and on thife 
basis a large number of serotypes have been identified and named. 
Classically the infection in man occurs as a haemorrhagic jaundice 
(Weil’s Disease), but a febrile anicteric syndrome is common and 
benign meningitis may be the most prominent feature. Serological 
tests have also shown that infection may occur without any obvious 
s 3 rmptoms of disease being produced. These subclinical cases are 
mostly found in certain occupational groups where the risk of infection 
is high — vide infra. 

Morphology and Staining . — Leptospires are about 7-14 n long by 
O'l M broad. The coils are very numerous and so small and closely set 
together that they are difficult to demonstrate in stained preparations, 
though quite obvious by dark-ground illumination. In addition to 
these “elementary” spirals, larger “secondary” coils may be seen, 
especially in stained films. Hooked ends are a characteristic morpho- 
logical feature. Leptospires have a single, straight and somewhat rigid 
central axistyle around which is wound the cytoplasm of the spiro- 
chaete, the whole being contained within a clearly defined cell wall. 
Active movement is observed in fresh preparations examined with the 
dark-^ound microscope. The movement is mainly rotary but the 
organisms are also seen to glide rapidly across the field with either end 
foremost, occasionally bending and straightening again into the rigid 
form so characteristic of the genus. 

The organisms can be stained by Giemsa’s solution and by the 
silver impregnation methods of Levaffiti and Fontana (q.v.). 

CuUioa^bn . — ^Leptospires are readily cultured in fluid media but 
file pamitic members require the addition of animal serum. Rabbit 
serum is usually employed but guinea-pig, sheqp and cat^ sera may be 
equally satisfactory provided no natural antibodies are present (it is 
advis^le to test serum for the presence of leptospiral antffiodies bttbre 
incorporating it in the medium). For the primary isolation of lepto- 
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spires and for maintaining stock cultures of the various serotypes for 
serological work, Stuurt’s and KorthoFs liquid media are reccanmended. 

A semi-solid medium such as Dinger's modification of Noguchi’s 
medium is useful for maintaining sto^ cultures. It has the advantage 
of evaporating less rapidly than fluid media and is thought to maintain 
the virulence of the organisms longer, since subculturing need not be 
done so frequently. Solid culture media on which single colonies of 
leptospires may develop have been devised by Cox and Larson (195^ 
and by Kirschner and Graham (1959) but culture on solid medb is mt 
readily obtained. Leptospires grow best between 28® C. and 32® C. 
For primary isolation from animal tissues incubation at 37® C. may be 
advantageous. The culture is transferred to the lower temperature 
when growth is established. 

Viability . — ^Unlike the saproph)rtic leptospires it is unlikely that 
the pathogenic serotypes multiply much outside the animal body 
although they may survive for many days if the external conditions are 
favourable. They require moisture for their survival and since they 
are particularly susceptible to acid, they seldom remmn viable for long 
in localities where the pH of the water is less than 6-8. Salt water has 
a deleterious effect. They die out rapidly in acid urine, in sewage and 
in badly polluted water. They are susceptible to heat: 10 min. at 
50° C. or 10 sec. at 60® C. kills them. They may survive for a time in 
infected animal tissue provided it is kept at a low temperature; thus 
guinea-pig liver has remained infective for up to 26 days at 4® C. and 
for 100 cUys at —20® C. They are rapidly dissolved by bile and by 
trypsin. The organisms in culture and in experiment^ animals are 
moderately sensitive to penicillin, streptomycin and the tetracyclines 
and these antibiotics may have value as therapeutic agents in man if 
given early in the infection. 

Pathogenesis. — Most tjrpes of pathogenic leptospires are carried by 
various species of wild rod^ts (al^ough in some cases, other ani m als, 
e.g. dogs and pigs, appear to act as the natural animal hosts). Each 
serotype has apparently a host of predilection, e.g. L. icterohaemorrhagiae 
is carried by the brown rat (JRattus tutrv^iau) and L. htbdtmiadis (the 
cause of seven-day fever of field workers in the Far East) by the field 
mouse [Microtus monUbelloi). The leptospire is usually well adapted 
to its host. It localises in the kidneys where it colonises the convoluted 
tubules without apparently causing any harmfiil effects. Pmodically 
leptospires are shed in large numbers in the urine and in this medium 
may be transferred to o&er susceptible animals and to man. Ths 
organisms probably penetrate the skm and muonis membranes throu^ 
cuts and abrasions. Certain occupations predispose to infection, e.g. 
workers in wet coal mines, sewage workers, fish handlers, etc. are {uuticu- 
larly liable to infection by L. icto'okaemafrlu^iae since ^e ccmditiona in 
which they work frequently encourage rat infestation, while moist condi- 
tions allow the lepto^ires to survive for a time cMitside the aniool body. 

Leptospiral infection may fallow batiimg or aoddental total im- 
mersion in stagnant ponds, canals or riven pdOhited by rodents and in 
these cases the organisms may penetrate the mucous membranes tff the 
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^es and nasophaiynx. Instances of infection through the consumption 
of contaminated food and water have also been reported. 

Agricultural workers especially those engaged in work in tike fields, 
e.g. rice-fidd workers, sugar-cane cutters, etc., are particularly lidsle 
to infection derived from the urine of rodents; in fact, this group of 
workers provides the highest proportion of all cases. 

Laboratory Diagnosis 

Because of variability in the severity of the infection and the frequent 
absence of jaundice, leptospirosis should alwajrs be considered in cases 
of undiagnosed pyrexia when the patient is likely to have been exposed 
to infection either through the conditions of his work or from some 
other cause {vide supra). 

When attempting a laboratory diagnosis of suspected leptospiii^, 
the following points should be borne in mind: — (a) During the |^st 
week of illness, leptospires are present in the blood, but leptospirae^ia 
is rare after the eighth day. (6) Leptospires may be present in ^e udne 
during the second week of ^e illness and continue to be excreted 
intermittently for 4 to 6 weeks after the onset (infrequently for longer 
periods). They are more readily detected during the second and tlwd 
weeks than later. Since leptospires are very sensitive to acid urine 
and may be lysed by antibodies present in the urine, the urine should 
be examined immediately after being voided, (c) Antibodies may 
generally be detected in ^e blood serum towards the end of the first 
week (dthough their production is occasionally delayed for longer 
periods) and increase in amount during the second and third weeks, 
after which they begin to decline. Residual amounts, however, may 
remain for many years after an infection. It is advisable to examine a 
specimen of serum during the early days of the illness and at 4 to 5 day 
intervals thereafter in order to demonstrate a rise in titre. This is 
necessary to eliminate the possibility that the reaction may be due to 
residual antibodies. Paradoxical reactions in which the titres of 
heterologous antibodies may at first exceed those of the homolc^ous 
ones are also clarified in this way. 

(1) Examination of Blood (a) Dark-ground Microscopy . — During 
the first week leptospires may be detected by dark-ground microscopic 
examination of imtreated blood. Only a small percentage of cases of 
leptospiraemia are likely to be detected in this way, but the technique 
of differential centrifugation of Ruys (WolflF, 1954) may enhance the 
chances of seeing the organisms and thereby mike an early diagnosis 
possible. This is done on a blood specimen to whidi a buffered anti- 
coa^iulant (pH 8) has been added. (1 ml. of 1 per cent, solution of 
sodium ox^te in buffer to 10 ml. blood or 1 ml. of 1 per cent, “liquoid” 
in sterile saline to 5 ml. blood. These are preferable to sodium citrate 
which may have a deleterious effect on leptospires). The blood is 
centrifuged at 500 r.p.m. for 15 min. A drop of plasma is examined 
by dark-ground microscopy (guinea-pigs may be inoculated wiA the 
sediment).r If negative the plasma is centrifuged at 10,000 r.p.nL for 
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20 minutes snd the sediment examined mkroscopically. (b) CuUka- 
tion. Bijou bottles containing 3 ml. fluid culture met^m ate mocul* 
ated with 3 or 4 drops of the patient’s whole blood, strict attention 
being paid to aseptic technique (leptospires will not grow in the presence 
of contaminants). Alternatively, the deposit after differential centri- 
fugation {vide a^a) may be re-suspended in 2*0 ml. phosphate buffered 
saline (pH 8*1) and a few drops of it used to inoculate 4 to 6 botfles 'tff 
culture medium. Daily culturing of the blood durii^ the first few 
of the infection considerably enhances the chances of isolating die orgtm- 
isms. (c) Animal Inoculation. — Laboratory animals, usually guinea-pigs 
and hamsters, are inoculated intraperitoneally with whole bl^ during 
the first few days of the illness. Three days after inoculation and daily 
thereafter peritoneal fluid is withdrawn with a finely drawn-out Pasteur 
pipette introduced into the lower part of the abdomen while the animal 
is held in an upright position with stretched hind legs. As soon as 
leptospires are detected microscopically in the peritoneal fluid where 
they tend to localise during the early stages of infection, blood is with- 
drawn by cardiac pucture and a few drops introduced into several bottles 
of culture medium. Guinea-pigs are very susceptible to L. ictero- 
kaemorrhc^iae, whereas the golden hamster {Cricetus auratus) is more 
susceptible than the guinea-pig to L. canicola. The animals should be 
used when about 6 weeks old, since older animals may be more resistant. 
In typical cases, the inoculated animals die in 8 to 12 days with 
jaundice, haemorrhages in the lungs, under the serous membranes and 
in the muscles. 

(2) Examination of Urine.— During the second and third weeb 
id sometimes for longer periods leptospires may be present in the 
rine. They may be seen by dark-ground examination of the sediment 
fter centrifuging a portion of the urine at 3,000 r.p.m. for 10 minutes. 
)irect culture of urine is not usually successful because of contam- 
lating organisms, but they may be demonstrated by the inocda- 
ion of two young guinea-pigs intraperitoneally with 2 ml. of freshly 
oided urine and ^e subsequent culture of dbe animals’ blood {vide 
upra). 

(3) Identification of Newly Isolated Strains.— With a suspcn- 
ion of the organism and its homologous antiserum prepared by 
nununising a rabbit with a living culture an attempt can be made 
n identify a newly isolated strain as far as possible by oimparit^ 
It with stodi aerot^ and antisera by a^lutination and agglutinin- 
absorption tests. The procedure of idenfriication may be a ler^y 
jme and require the use of stock antigens and mitisera not available 
in the average diagnostic laboratory. In such cases, ot whenever there 
p doubt about the identity of a newly isolated strain, it is recommmded 
pt help should be sought from one of the WHO/FAO Leptospirosis 
kerence laboratories. For the addresses of iabmtoties see 
PO Report (1959). 

i (4) Serological DiAca^osis.— Ttro metlmds are described bdow 
pn carrying out a dn^osflc senflc^lical investig^ition of die patient% 
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(a) AggluHnaHott-Lysis Test.— The foBowing tedinique is based on 
the standard procedure used in laboratories throu^out the world and 
first developed by Schuffiaer (see WolflF, 1954). ^ • ir u 

For the test well-grown cultures of leptospires in KorlhoFs or 
Stuart’s media are used. They should be from 7 to 10 days old and 
uniform in suspension. -Separate tests are set up against each serotype 
likely to be responsible for the case under mvestigation. Dilutions of 
the patient’s serum are made by the dropping method either in tubes 
or in depressions in porcelain plates. The procedure is summarised 
as follows: 


Tube No. 

(1) 

(2) 

( 3 ) 

( 4 ) 

( 5 ) 

(6) 

First row: 






It L 

Saline 

8 

9 

9 



l^ops 

Serum 

2 

1, 

1, 



drops 


from (1) from (2) 




Dilution of serum 

1/5 

1/50 

1/500 




Second row: 







Culture 

3 , 

3 

3 

3 

3 

3 drops 

Saline 


2 


2 


2 drops 

Serum 1/500 





3 

1 drops 

Serum 1/50 



3 

1 


drops 

Serum 1/5 

3 

1 




drops 

Final dilution: 

1/10 

1/30 

1/100 

1/300 1/1000 

1/3000 


The mixtures are incubated at 32° C. (or 37° C.) for 3 hours and 
allowed to stand at room temperature for 1 hour before being read. 
Alternatively, if specimens are received late in the day the test mixtures 
are kept in Ae refrigerator (4° C.) overnight and read the following 
morning. Place a drop from each tube on a slide and examine with 
a 16 mm. objective using dark-ground illumination. Wolff advocates 
the use of water instead of immersion oil between the condenser 
and the slide. It gives quite adequate illumination and is much 
cleaner than oil. It is not necessary to place a cover-slip over the drop 
and if each drop is quickly examined consecutively a large numlwr 
may be included on one slide. Both agglutinating and lytic antibodies 
are detected by this test. Agglutination is more obvious in the lower 
dilutions and lysis in the higher. Lysis is indicated by a reduction in 
the number of live leptospires present in the'serum-antigen mixture 
when compared with a non-serum control. 

(b) Agglutination Test {Broom ). — ^This involves essentially the same 
technique as the agglutination-lysis test except that the cmtures arej 
killed by adding formalin to give a final concentration of 0*2 per centj 
The formalin should be neutralised with magnesium carbrmate, since 
any traces of formic acid will cause non-specific agglutinatiiHi. 
serum-antigen mixtures are kept in the refrigerator ovemi^t (noj 
incubated) before being examined for a^lutination. Lynb does ‘ 
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Qccat< KlQed antigens are more convenient and safe for routine work 
and stock suspensions of various serot^ may be stored until requiriML 
■phey hsve the disadvantage of tendling to be unstable and liable to 
clump spontaneously. Titres of agglutination are slightly lower than 
those attained with living cultures. 

Diagnostic Titres. — Since many serotypes are related serologically 
(e.g. L. cardcola and L. icterohaemorrhagiae have common antigens)^ 
there may be a certain amount of cross-reaction between the straths 
used in one test. Titres of 1/300 and 1/1000 for a particular strain may 
be significant (they may rise to 1/30,000 or higher). Bearing in mind 
the possibility of non-specific agglutination and residual antibodies 
(vide supra) the significance of a single positive titre must remain in 
doubt unless a rising titre can be demonstrated. 

A control must be included in both methods. 

Other serohgical tests may also be employed. A rapid macroscopic- 
ide test has been devised by Galton et al. (1958) and is being used in 
ime laboratories as a screening test. In the erythrocyte sensitisatioa 
St (Chang and McComb, 1954), human red blood cells are treated 
ith an ethanol extract of leptospires and are rendered ag glutinab le by 
;rum antibodies. In the sensitised erythrocyte lysis test (Sharp, 1958), 
le addition of complement to this system causes the lysis of sensitised 
ills. Both these tests are genus specific, their main value lying in the 
ipid screening of human sera for evidence of antibodies resulting from 
ptospiroses of all kinds. 

Complement-fixation tests have also been used. In most of these 
le antigens used have proved to be type-specific in their reactions 
though Sturdza and Elian (1960) report successful results from a genus 
lecific antigen prepared by adding sodiiun mertbiolate in a concentra- 
on of 1/10,000 to a 8-10 day-old culture of Ae saprophytic L. biflexa 
(train Patoc). 

5. Examination of Rats and other Rodents for Leptospiral 
NFECTION. — Carcases of rats dead for even a few hours are unsatis- 
actory for examination. Whenever possible the live animal should be 
ent to the laboratory. It is then possible to anaesthetise the animal 
>nd to obtain blood by cardiac puncture for examination by the 
nethods described. In^rect evidence of infection can be obtainai 
V the agglutination test with serum. Even low titres, 1 in 100 or less 
nay indicate infection. The kidneys should also be examined by 
mth cultivation and animal inoculation methods. 

In screening rats and other rodents for leptospiral infection satis- 
ictory results have been obtained by inoculating culture media with 
■pall particles of kidney tissue punched out with a sterile Pasteur 
ipette after the surface of the kidney has been seared with a red-hot 
talpel blade. 

h. Examination of Water for PATHOcmic Leptospirbs.— H ais 
>n be done by immersing a ^ved and scarified area of sidn of a young 
pioea-pig in the water for an hour at 30° C. Infectkm takes place 


w. 
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Pathogeoic Leptn^ires 

Over 80 different pathogenic serotypes and subserolypes have been 
idfnt tf**^, many of which are associated with disease in man. They 
tend to differ in the degree of their pathogenicity to man and animal 
and in their natural hosts, but the oidy reliable method of classifying 
them is on the basis of their serological differences demonstrated by 
agglutination and agglutinin-absorption tests. 

In Great Britain only two serotypes of leptospires ^ve so far been 
isolated from human infections, viz. icterohaemorrhagtae and camcola, 
but it has been ascertained that field mice, voles and hedgehogs are 
carriers of other serotypes, viz. ballutn, strains related to saxkoebi^ and 
bratislava which are known to be pathogenic for man in otheilj parts 
of the world (Broom and Coghlan, 1958, 1960) \\ 

Tlie following exempl^ the various pathogenic serotypes which 
have been recognised in different parts of the world. 

L. icterohaemorrhc^iae. — This organism is one of the more virulent 
forms of Leptospira. It is the most frequent cause of classical Weil’s 
disease (haemorrhagic jaundice) although milder conditions may result. 
It is carried by species of rats (notably R. norvegicus) and other rodents 
in all parts of the world and human cases arise under conditions where 
rats abound. Two biotypes exist one having an antigenic structure 
AB represented by strain Wijnberg, the other the incomplete biotype 
A by strain Kantoroteicz\ both strains having been isolated from 
human cases of Weil’s disease in Amsterdam. 

L. camcola. — This serotype is closely related antigenically to ictero- 
haemorrhage but may be ^stinguished from it by serological tests. 
It is the cause of so-c^ed “canicola fever” in man and of a common 
infection of dogs characterised by nephritis often chronic in nature and 
rather inconstantly by a variable degree of jatmdice. The leptospire 
are excreted in large numbers and may invade through abrasions ii 
the skin of people whose hands become contaminated with dog urinej 
Jackals and pigs may also harbour the organism, and piggery worke 
have contracted the infection through handling infected pigs (Coghla 
Norval 8e Seiler, 1957). 

Canicola fever in man is one of the milder forms of leptospirosis, id 
which meningeal symptoms predominate. Jaundice is only occasionallj 
produced and then only in a slight d^ee. As with most forms 
leptospirosis, renal involvement is a common feature, but the sympton 
vary considerably in their intensity. The disease is rarely fatal. 

L. hebdomadis. — This organism is responsible for “Seven-day Us 
of the East, which is a non-icteric febrile illness with meningitis, 
carried by a field-mouse {Mkrotus montebelkn) and consequently, fie 
workers are liable to the infection through becoming conta m ina te d wi' 
infected mouse urine. 

L. autumnaUs. — ^This organism has been found associated with 
disease in Japan called Akiyami or harvest sideness dinically indisti 
guishable from “Seven-day fever”. L. autummtis caax be distittguishi 
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rom L. kdtdomadis by its high infectivity to guinea-pigs, in whidi it 
)roducesl^k»lhaemorrh^c jaundice. It is carried % certain species 
)f fjeld-mice and rats. “Fort Bragg fever”, which occurred unong 
roops in North Carolina, U.S.A., was found by serological tests to 
lave been caused by a closely related organism. 

L. grippotyphosa has been described as the cause of “Swamp fever” of 
lurope and certain parts of Asia, Africa, Israel and U.S.A. It usuid%‘ 
.ttac^ agricultural workers and produces a relatively mild illnehs 
esembling canicola fever with a low mortality rate. Various i|iecies 
,f voles cany the organism. In the U.S.S.R. and Israel, cattle have 
)een seriously affected. 

L. pyrogam produces a febrile illness with or without jaundice and 
arying in its severity. It occurs among field workers in Indonesia 
nd other parts of the Far East. Certain species of rats appear to act 
s reservoirs of infection. 

L. australis and zanmi (previously referred to as australis A and B 
espectively). — These organisms are causal agents of “Cane lever” in 
^orth Queensland. Sugar-cane workers are mainly affected, but 
anoni may also infect urban dwellers. The illness is comparatively 
aild but convalescence is protracted. Lymphadenitis is a common 
jature. Certain species of rat are the carriers of the organism. 

L. pomona (syn. suis ). — ^This organism was first isolated from cases of 
Seven-day fever” among dairy farmers in North Queensland. It was 
Iter found to be the cause of “Swineherds’ ” disease in Switzerland, 
'igs act as the reservoir hosts and usually suffer little effect; cattle are 
usceptible, especially calves and pregnant cows. In the U.S.A. the 
ifection causes a heavy yearly loss of cattle due to jaundice and haemo- 
lobinuria of calves and abortion of cows and pigs. The organism 
as been isolated in many parts of the world from human and animal 
ources. Certain species of field-mice may also act as carrier hosts. 

L. bataviae . — ^This organism causes leptospirc^ of rice-field workers 
a Italy, where the field-mouse (Micromys mimttus sorcimts) is the 
eservoir host. The disease in that part of the world is comparatively 
aild and jaundice is rare. In S.E. Asia, however, where the chief 
arrier host is the brown rat {Rattus norv^icus) cases Are much more 
evere, jaundice is common and death may occur. 

L. sqroe was first observed in human infection in the island of Sejroe 
Denmark). It has also been recorded in other parts of Europe. The 
lisease is rdatively mild. Certain rodents are carriers of the organism, 
nd related strains have been isolated from rodents in Great Britain. 
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PART III 

VIRUSES AM) OTHER MICROORGAMSMS 


CHAPTER 31 

THE POX VIRUSES 

['he characteristic feature of the diseases caused by the pox group of 
iruses is the formation of papules, vesicles and pustules in the skin; 
^neralised manifestations of illness may be very severe or entirely 
bsent. In man these viruses cause smallpox, alastrim, vaccinia, and 
aoiluscum contagiosum. In animals they give rise to cow-pox, swine- 
lox, monkey-pox, mouse-pox (ectromelia) and to similar diseases in all 
lomestic animals except the dog and cat Myxomatosis in rabbits is 
he result of infection with a virus which has many of tihe characters of 
pox virus. Avian pox viruses cause fowl-pox and similar infections 
a turkeys, pigeons, canaries and a wide variety of other birds. In 
vian pox diseases the lesions tend to be proliferative rather than 
lustular with the formation of multiple tumour-like masses. 

Pox viruses are within the size range 200 x 300 m/t to 264 x 332 m/n 
ind are large enough to be visible with the light microscope. They 
lave a pre<hlection for infecting epithelial cells, in which they produce 
haracteristic eosinophilic intracytoplasmic inclusions. The great 
najority of pox viruses can be cultivated in the chorio-allantoic mem- 
xane of chick embryo, where they give rise to pock-like lesions which 
ire easily recognised with the naked eye. Under natural conditions, 
rowever, most of these viruses are restricted to a single host, although 
lotable exceptions are the cow-pox and vaccinia viruses which can 
infect man, cattle and a number of other animals. Animal pock- 
producing viruses are closely related antigenically to each other, but are 
distinct from the avian pox viruses. 

SMALLPOX AND VACCINU 

Smallpox virus (Poxvirus variolae) and vaccinia virus (Poxvirus 
officinalis) 

Morphobsy and Stamtig.--Tb.t particles of both viruses are 200- 
300 mju in diameter as seen by dark-ground microscopy or in stained 
preparations are roughly spherical in shape. They can be stained with 
aniline dyes, as in Gutstein’s or Paschen’s methods but not by Casta- 
neda’s method. When dried films of purified rims prqaarations ate 
ecamined electron-microscopically, the appearance is that of bridt- 
ahaped particles measuring 210 x 2M tap, in which the central area is a 
aiass of material especially opaque to ffie electron beam. This btid:- 
ihaped appearance, however, may be an attract becsmse m ultra-dun 
>nction8 (d infected cells the virus particles axe oval in shape and have a 
multi-layer^ covering membrane. In prepararions stui^ nqiarivt^ 
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with phospho-tungstic add the virions appear to be cyimdrical with, 
convex ends. Internally a central disk-like structure, a “nudoid”,’ 
is seen together with hollow tubular structures 7-9 mft in diameter 
(Westwood et d., 1964). The latter ^ve a striking appearance and are 
wound from side to side of the particle into a criss-cross pattern. It 
has not yet been possible to determine the nature of these strands nor 
to dedde whether they are multiple or whether the appearances are 
those of a single continuous strand. The vacdnia virus contains DNA 
and this is thought also to contain phospholipids, neutral fat, carbo- 
hydrate, flavin and biotin in proportions similar to those of bacteria 
and mammalian cells. 

Host Range . — ^The host range of the smallpox virus is limited to 
the primates; apart from man, monkeys are the only animals susceptible 
to natural infection. Other animals are only slightly susceptibfe, and 
of these the rabbit is sometimes used in Paul’s test for the snsillpox 
virus; here the virus is inoculated into the scarified cornea and pr^uces 
a keratitis. Intracytoplasmic indusions (Guarnieri bodies) in epi^elial 
cells are characteristic of infection with variola and vaccinia viriises; 
they are round or oval, eosinophilic and there may be one or mote in 
an infected cell. Guarnieri bodies consist of masses of elementary 
bodies set in a matrix. The vaccinia virus has a much wider host range 
than the variola virus; calves, rabbits and sheep are all used regularly 
for the propagation of the virus for vacdne Ij^ph, and monkeys, mice, | 
rats, hamsters and guinea-pigs can also be infected, though they are j 
rather less susceptible. 

Both viruses grow wdl on the chorio-allantoic membrane of , the 
ten-day-old chick embryo, each producing its own characteristic pocb, 
The variola virus gives rise to white circular plaques of epithelial 
hyperplasia which are visible to the naked eye 48 hours after inoculafioa 
and reach 1-2 mm. in diameter ,^n 72 horns; these lesions are uniform 
in size and often lie near the blood vessels of the membrane. The 
virus from cases of alastrim may grow more slowly and the pocks may 
not be visible until four to six dayrs after inoculation (Dumbell, Bedson, 
and Rossier, 1961). The pocks of the vaccinia virus are generally much 
larger and more variable in size than those of the variola virus; after 
incubation for 72 hours the majority are 4-5 nun. in diameter with a 
definite yellowish colouration. Smdl seedling pocks beside the larger 
pocks of vaccinia are characteristic. The pox viruses can be differenti- 
ated by the maximum temperature of incubation at which they are abl< 
to produce pox on the allantoic membrane of 12-day chick embryos. 
Bedson and Dumbell (1961) estimated these ‘*eieiling temperatures” for 
alastrim as 37*5 "C., variola major 38*5 °C., ectromelia and monkey-p 
39 °C., cow-pox 40® C., and rabbit-pox and vaccinia 40*5-41® C., an^ 
found there was no correlation between these temperatures and 
thermal stabilities of the viruses at 55® C. in vitro. A useful distinguish] 
ing character is that the variola virus will multiply and produce podcs i 
38*5® C., whereas tiie alastrim virus will not multiply or produce snl 
lesioiffl at this temperature. In general the hi^ier the ceilii^ tenq>cta| 
ture of a virus the greater is its virulence for &e chick embryo. 
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Vacdnia virus grovra readily in many types of tissue culture; minced 
tissue syspensions of the MaitUnd type, explants in plasma dot of cUdt 
embryo, and rabbit kidney tissues are all highly susceptible. In mono- 
layer cultures of trypsinised human or monkey kidney, or in human 
amnion or HeLa cells the vaccinia virus produces a marked cytopadac 
effect within 48 hr. of moculation. In suitably prepared monolayer 
cultures of monkey kidney or other cells the virus gives rise to plaques. 

Viability . — ^Variola virus is very stable and survives in exudifites 
from cases for many months; living virus has been recovered from 
crusts kept at room temperature for over a year. It can be preserved 
in sealed ampoules at 4° C. for many months and indefinitdy by freeze 
drying. Vaccinia virus in calf lymph stored in the dark at - 10° C. 
retains its activity for at least three months. Between 0“ C. and 10° C. 
vaccine lymph retains its potency for at least 14 days, but at 
temperatures above 10° C. its activity may be lost after seven days. 
Freeze dried vacdne kept under an atmosphere of nitrogen at 37° C. 
and 45° C. maintains its activity for two years and at 4° C. indefinitely. 
The virus is destroyed by moist heat at 60° C. in ten min., but in 
the dry state can resist 100° C. for five to ten min. Both viruses 
withstand 10 per cent, phenol at 4° C. for several weeks, but at 37° C. 
are killed by it within 24 hr. Ultra-violet light. X-rays and gamma 
rays are rapidly lethal; 0*01 per cent, potassium permanganate and 
50 per cent. et%l or methyl alcohol and acetone kill the virus within 
one hour. A pH value of 3 destroys the virus within an hour. 

Antigenic Characters , — It is very difficult to distinguish the three 
viruses of variola major, alastrim and vaccinia by serological methods 
because they all share major common antigenic components. Purified 
iuspensions of variola and vaccinia viruses can be shown to contain two 
mtigens; one, the LS antigen, dissociates from the elementary bodies 
)n standing at refrigerator temperature; the other, the nucleoprotein 
NP) antigen, is assodated with the virus partides themselves. The 
LS antigen is a loose combination of the L and S components in an 
elongated protein molecule which is known to have a molecular weight 
jf about 240,000. The L component is inactivated by heat at 60° C., 
but the S component is stable at 90° C. or above. Antibodies to the 
LS antigen predpitate and also fix complement with thdr homologous 
antigens, but they do not protect an animal from the effects of ffie 
vaccinia virus nor will they neutralise the virus in laboratory tests. The 
NP antigen can be extracted from elementary bodies with dilute alkali; 
it is known to contain 6*0 per cent, desoxyribonuddc add and is a 
serologically specific component of the vaccinia virus. A soluble pro- 
tective antigen shared by the vaccinia and rabbit-pox viruses has been 
described by App%ard, Zwartouw, and Westwood (1964); it combines 
^th the neutn^ing antibody in hyperimmune sera and hte a molecular 
tveight of 100,000-200,000. It is developed during the early stages 
the reproductive cyde of the virus, is sm^er fftan &e virus itself W is 
too lai^ to be dialysable. The relationship of ffus protective or “serum- 
hlocking” antigen to the NP antigen or the haemagghitinin is not yet 
[decided. 

2 a 
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Preparations of the vaccinia and variola viruses 
agglutinate the red blood ce^ of mammals, but eiythroc 3 rtes from only ‘ 
about 60 per cent, of fowls are sensitive to the virus. The haenu^lu. 
tifiin is smaller than the virus particle and can be separated from it by 
centrifugation; it is 65 mfi in diameter and is mainly composed of 
lipoprotein. When the haemagglutinin is removed from virus prepara- 
tions there is no loss of infectivity. The haemagglutinin is heat stable 
and able to withstand boiling for ten minute; it is distinct from the 
virus particles and from the LS and NP antigens. Antibodies to the 
haemagglutinin are developed after smallpox and after vaccination; 
they are not related to either neutralising or LS antibodies. 

Pathogenesis. — Smallpox virus enters the body through the upper 
respiratory tract; it first infects the mucosal cells and soon afterwards 
is thought to reach the regional lymph nodes. At this stage the patient 
is not infectious and it is improbable that there is an open lesion '^n the 
respiratory mucosa. A transient viraemia may follow with the Sec- 
tion of reticulo-endothelial cells throughout the whole body; multiplica- 
tion of die virus in these cells leads to a second and more intense 
viraemia which heralds the onset of the clinical illness. The virus can 
be isolated from the blood in a proportion of cases of smallpox, but the 
phase of viraemia is short-lived and by the end of the second day of the 
fever the virus can no longer be detected. During the first three or 
four days of the fever the virus multiplies in the epithelial cells of the 
skin; focal lesions are formed which give rise to the rash, and macules 
appear in typical centrifugal distribution and progress to papular, 
vesicular and pustular stages. Smears made from the early papular 
lesions show very large numbers of elementary bodies and in the later 
stages crusts from the pustules still contain virus. 

Classical smallpox {variola major) has a case mortality which varies 
from 5 per cent, in patients wiA a discrete rash to 40 per cent, ii 
fulminating cases with a confluent rash. Variola minor (akutrim) i 
much less severe than variola major at all stages of the illness, the rasi 
is less profuse, the fever of shorter duration and the fatality rate ii 
below 1 per cent. Variola minor may be indistinguishable from a mile 
case of variola major in a well vaccinated person. In other vaccinatec 
contacts the infection may give rise only to fever and symptoms simila! 
to those of the pre-eruptive phase without progressing further, i 
condition known as variola sine eruptione. 

Epidemioli^. — The origin of infection in smallpox is a patien 
suffering from the disease. Infected particles may be inhaled directl] 
by the susceptible contact. The virus may also be transmitted indirectl] 
by clothing, bed-linen, utensils or dust, and there have been man} 
occasions when workers in hospital laundries have contracted the infec- 
tion from contaminated bed-linen. Patients are not infective during tin 
incubation period of the disease, but from the time of the first appearanct 
of the rash until all crusts disappear they may be a source of Ac vi^ 
The clinical picture of variola may be considerably modified by previous 
vaccination and persons who develop only minor symptoms of tht 
disease provide a dangerous source of infection. 
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Variok major is endanic in India, Pakistan, Burma, the Middle 
gast, Latin America and parts of Africa. In Britain the disease is no 
longer endemic and outbreaks, when th^ have occurred, have been 
traced to importation of the infection from abroad. Although smallpox 
is a hi^y infi^ous disease it has not so great an epidemic potential as 
measles or chidcenpox. When the disease has been introduced from 
abroad into Britain, extensive epidemics have not occurred and spread 
has usually been limited to close contacts of cases. A full descriptbn d 
the epidemiology and clinical aspects of smallpox is given by L^on 
(1962). 

Laboratory Diagnosis 

Often there is great urgency in confirming the clinical diagnosis of 
smallpox. The collection of the necessary specimens is described else- 
where (see p. 574; also the Ministry of Health Memorandum 1963). 
A quick presumptive diagnosis can be made in about 60 per cent, of 
cases by the direct microscopic examination of smears from the skin 
lesions. These smears should be taken from papules or vesicles but not 
from pustules because leucocytic granules and debris are indistinguish- 
able from the virus. The films are stained preferably by Gutstein’s 
alkaline methyl violet stain (see Chapter 45) and in cases of smallpox 
large numbers of elementary bodies uniform in sixe and about 0-3 ft in 
diameter can be recogtused. In chickenpox elementary bodies are 
usually scanty or absent but multinucleate giant cells are often present 
indicating that the infection is varicella. A report on this finding can be 
given within two hours of the specimen reaching the laboratory. Smears 
may also be examined by the indirect immune fluorescence technique 
which Murray (1963) has developed for smallpox diagnosis. Although 
this method has not yet been tried out extensively it offers a specific and 
rapid diagnosis. 

The presence of the virus can be detected rapidly in material from 
the skin lesions by preparing suspensions of vesicle fluid or crusts and 
using them as antigens with a high titre antivaccinal serum in comple- 
ment fixation (Craigie and Wishart, 1936), or agar gel diffusion precipitin 
reactions (Dumbell and Nizamuddin, 1959). The results of these 
tests are available in 6-24 hr. The complement-fixation test gives 

1 positive reaction in over 90 per cent, of cases of smallpox, but does 
not distinguish between the vaccinia and variola viruses. 

The virus can be isolated from the skin lesions or from the blood 
It the pre-emptive phase of the illness. A suspension of veMcle fluid 

ground-up cmsts or serum from the blood is inoculated on to the 
chorio-allantoic membrane of ten- to twelve-day-old chick embryos; 
3her 48 hr. snudl white pocks are present and by 72 hr. th^ are 

2 mm. in diameter and identifiable as specific smallpox lesions, ’nfis 
procedure detects the virus in over 90 per cent of cases of smallpox 
>Qd has replaced the older method of inoculating tiie rabbit’s cornea 
(haul’s test) which is not sulSBciently reliable for routme use. 

The thrw methods desoibed should be used in combination so that 
l^e tests may serve to check eadi other. The omdbmed use d these 
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tests also helps to overcome die occasional difficulties which may arise 
from antioimplementary activity by the crust-suspension or the appear- 
ance of non-spedfic lesions on the chorio-allantoic membrane. The 
results of the tests provide a very sensitive indication of the presence oj 
the variola virus and give reliable confirmation or exclusion of the 
clinical diagnosis. 

Antibodies in patients’ sera can be titrated by their power to 
neutralise the capacity of the vaccinia virus to form pocks on the chorio- 
allantois (Boulter 1957). Another method employs complement 
fixation with an antigen prepared from vaccinial lesions in the rabbits’ 
skin. Antibodies do not appear in the serum in smallpox until the 
eighth day of the disease, and the test is seldom of diagnostic value. 
As 30-40 per cent, of persons vaccinated within six to twelve months 
give a positive result, the test is only of value in a limited number cases. 

Vaccination may provide a useful diagnostic procedure becaiifse less 
than 10 per cent, of cases can be successfully vaccinated on thy firsi 
day of the rash in smallpox, and none after the sixth day. I 

Prophylaxis. — ^When a case of smallpox is diagnosed the patienl 
must be removed to a hospital or unit specially reserved for viariola 
cases and, after admission, strict isolation precautions must be observed. 
The patient’s clothing, bedding, personal possessions and his house 
should be disinfected with steam or formaldehyde vapour. All 
persons who could possibly have been in contact with the patienl 
or his possessions during the feverish phase of his illness must be traced 
and placed under supervision for sixteen days. 

The source of the infection must be sought and the chain of contacts 
followed back to the first notified case. In this work the results of lab- 
oratory tests may often be of great value in the diagnosis of doubtful cases. 

Close contacts of smallpox patients should be vaccinated as soon as 
possible, but this measure may ^nly be effective if used within two to 
three days of exposure. There is evidence to suggest that gamma- 
globulin prepared from hyper-immune serum in a dose of 1*5 g. affords 
some protection and it may be used to supplement vaccination of dose 
contacts (Pierce et al., 1958). 

Recently Bauer et al. (1963), have reported strikingly successful 
results from the prophylactic oral use of the drug N-methylisatin 
jS-thiosemicarbazone (also known as “Marboran” or “Compound 
33T57’’). 


VACCINATION _ 

The practice of vaccination stems from 1798, when Jenner in- 
oculated a Iwy on the arm with the exudate which he obtained from i 
cow-pox lesion on the hand of a dairy-maid. When two months lata 
the was inoculated with material from a case of smallpox no illness 
resulted and there was no local lesion. This simple and safe measun 
for protection against so serious an illness was soon taken into 
use all_ over Europe. At first arm-to-arm vaednation was prs 
but this was replaced by the inoculation of vaccinia lyii^ih d>taine<| 
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rom the skin of calves infected widi the virus. The'strains of vaccinia 
it present used in vaccine lymph manufacture are avirulent mutants 
)f obscure parents^ but date from this time. 

The Preparation of Vaccine Lymph . — Vaccinia virus for vaccination 
8 usually obtained by inoculating the shaved skin of a calf with pustular 
uaterial from the skin of a rabbit similarly inoculated. The seed virus 
s maintained by the alternate inoculation of calves and rabbits, a 
}rocedure which is thought to hold its virulence at a constant leveL 
first the skin of the belly and flanks of the calf is carefully shaved and 
then washed thoroughly ^ree times with soap and water ; this is followed 
by treatment with 70 per cent, alcohol and a final wash with sterile 
distilled water. The area of skin to be vaccinated is then scarified with 
i multiple needle scarifier. The seed virus is next rubbed into the 
scarified area. To reduce bacterial contamination the area is treated 
with an antibiotic ointment and covered with a tight bandage. After 
an incubation period of five to seven days, and when well developed 
vesicular lesions are present, the animal is exsanguinated and killed. 
The vaccinated area of the skin is washed gently with soap and water 
three times, sprayed with penicillin and streptomycin, and then washed 
again with sterile distilled water. The contents of the vesicles are 
harvested with curettes and after weighing are stored at — 20 to — 60“ C. 
This crude pulp is further treated by homogenisation in a mechanical 
blender and is diluted four to ten fold in glycerol saline or phosphate 
buffer solution. The glycerol concentration used varies with different 
manufacturers from 40 to 80 per cent but it is now recognised that 
glycerol in high concentration tends to impair the stability of the virus 
and thus 40-50 per cent, glycerol is generally recommended (Dostal, 
1962 ). 

The bacterial content of the preparation is usually further reduced 
by the addition of 0*4 per cent, phenol and incubation for several hours 
at 22° C. Bacterial counts are made from the lymph from time to time 
and when the number of viable bacteria is reduced to a certain figure 
prescribed by the Therapeutic Substances Act, the material is passed for 
issue provided that it is free from haemolytic streptococci, clostridia 
and ofoer pathogenic bacteria, and conforms to the standard of potency. 
It is necessary to store the lymph in the dark at temperature below 
-10° C. to maintain its potency. Details of the requirements for 
smallpox vaccines are to be found in W.H.O. Technical Report (1959). 

A modification of the method adopted at the lister Institute 
employs the propagation of the virus in foe shaved foin of foe flanfe of 
sheep. Tlie lymph produced in foe lesions is homogenised wifo two 
parts of one per cent, phenol and held for 48 hr. at 22“ C.; this 
genendly lowers foe bacterial cotmt to foe requirement of foe Tlient- 
peutic ^bstances Act foough if necessary foe treatment can be pro- 
longed for a further 24 hours; after this gl 3 ^ol is added at a concentra- 
tion of 40 per cent, and foe lymffo is stored id - 10“ C. (MeClean, 1949). 

The potency of smallpox vac^es of fois type declines at ten^era- 
tiires above 10° C. and may be oitirely lost altw scfven cbys. To over- 
<»me this-diflSculty and to ficifitale transput over loi% dktances in hot 
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climates ColUer (1955) devised an improved method of pr«Mervation 
in which the lymph is suspended in five pCT cent, bactenolopcal ^tone 
in distilled water and adjusted to pH 74, then frew dried. Vaccines 
prepared by this method have been shown to retam fuU potency, m that 
fliev gave 100 per cent successful vaccination rates after storage for 
periods of 32 and 64 weeks at both 37° C. and 45° C. (Cockbum et al,, 
1957) 

rflccowr.— Smallpox vaccine can also be prepared by cultivating 
the vamnia virus on the chorio-allantois of chick embryos, a procedure 
which has the considerable advantage that it can be carried out under 
sterile bacteriological conditions. Because the virus tends to lose some 
of its iT^ miinising potency on repeated subculture in the egg, the seed 
virus used is obtained from calf lymph. The virus is exteacted frqm the 
infected allantoic membranes and is suspended in saline; no gwcerol 
is added but the required viscosity is obtained by including 0-|5 per 
cent agar. Tests of potency and sterility are similar to those required 
for calf lymph. Although the efficiency of egg vaccines has not yet been 
assessed in extensive controlled trials they appear to offer considerable 
promise. In Sweden an egg vaccine is used for public vaccination and 
95-97 per cent, of successful “takes” on primary vaccination has been 

claimed (Dostal, 1962). . , . , , • . , 

Tissue Culture Vaccine.— Bovme and chick embryonic tissues have 
been used for the propagation of the vaccinia virus for smallpox vaccine 
production (Wesslen, 1955; Kaplan & Micklem, 1961). The stability 
and potency of these vaccines are still in the process of development. 
In a comparative trial of a vaccine prepared from vaccinia virus propa- 
gated in chick embryo fibroblasts with the conventional vaccine, Shaw and 
Kaplan (1964) reported that the tissue culture vaccine produced fewer 
successful primary takes and fewer successful re"Vaccinations. The 
vesicles and the size of the lesion with this tissue culture vaccine were , 


cmallftr than with the conventional vaccine. 

Technique of Vaccination.— Ths multiple-pressure method is recom- 
mended. The skin is first cleansed with soap and water and allowed to 
dry. A drop of lymph is then placed at the site of inoculation and with 
the side of a Hagedom needle held parallel to the skin multiple “pr«- 
sures” are made to the skin through the lymph (figs. 20 and 21)). In 
this way the inoculum is forced into the deeper layers of the epidermis 
The area inoculated may be only one-eighth of an inch in diameter. 
The number of “pressures” varies from ten to thirty, e.^. thirty for 
primary vaccination of infants, ten for prima^ vaccination of children 
of school-age. This procedure involves less risk of septic inf^on and 
1^.^^ severe reactions tluin may occur with the older scarification cross- 
hatched method (Parish, 1952). The method also has the advantage 
that it gives a higher success rate than the scratch method in perso® 
previously vaccinated (Bourkc & Clarke, 1963). 

Alternatively a single scratch | iiu in length may be made throi^t 
the drop of lymph. Care should be taken to avoid any bleeding. 
dressing is required until four to five days after vaccination, and tw 
lymph should simply be allowed to dry in situ. 
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Fig. 20 

The multiple pressure method of vaccination against smallpox. 
Notice the up and down motion of the needle and the angle at 
which it should be held. 

Reproduced by permission of the Controller of Her Majesty’s Stationery Office 
from Memo on Vaccination asainst Smallpox. Miniat. of Health (1948). 
London: H.M. Stationery Office. 



Fig. 21 


The multiple pressure method of vaccination against smallpox. 
Diafipram of a section of the skin of the arm. The motion of the 
needle and its final position penetrating only as far as ^e basid 

cell layer. 


Repiodufiod by petmiaaion of the CcmtxoIIer of Her Majesty’s OffiM 

Memo on Vacchuitioa aaatnat Sm«lk>ox.^Mlniat. of Health (ISiS). 
Xifmdont H«M* Stationary Office* 
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In a person lacking immunity a papule forms at the site of inocula- 
tion in three to four days and dbis becomes vesicular in five to six days; 
in eight to ten da 3 r 8 the vesicle becomes pustular with a zone of sur- 
rounding inflammation; finally the pustule heals with the formation 
of a crust which is desquamated about the twenty-first day, leaving a 
depressed scar. In persons who have been recently vaccinated and 
possess a satisfactory immunity, there may be no reaction, or a papule 
may appear more rapidly than in the non-immune subject and resolve 
without the development of a vesicle. (Such reaction, however, cannot 
be accepted in all cases as indicating an effective immunity.) In those 
who have been previously vaccinated but have lost their original degree 
of immunity, an accelerated “vaccinoid” reaction is noted: a papule 
appears quickly, becoming vesicular and pustular more quickly than in 
the completely non-immune person. f 

Before a vaccination can be regarded as successful it is essentiM that 
the stage of vesiculation should have been reached. Primary vaocina- 
tion in children should be carried out in the second year of lif4. It 
should not be done on a child with eczema or other skin lesioUs. 'Phere 
is a rather greater risk of generalised vaccinia and of neurological 
complications following vaccination in infancy (0-1 years) than in 
children 1-4 years old. Revaccination in non-epidemic countries 
should be done at regular intervals of five to seven years, for example 
on entering school and again on leaving, as well as in circumstances 
when there is a risk of exposure to smallpox. A certificate on a special 
internationally accepted form showing vaccination in the previous three 
years is required for entry into many countries. Between the ages of 
5 and 18 years primary vaccination carries a risk of post-vaccinal 
encephalitis {vide infray, the incidence varies from 1 in 8000 to 1 in 
70,000 vaccinations with a case mortality of up to 50 per cent. For 
this reason the primary vaccination of young adolescents should only be 
carried out when there is a grave risk of variola or if they are entering the 
medical or nursing professions. 

Vaccination provides a powerful defence against the risk of con- 
tracting smallpox and is an effective protection against the risk of dying 
if the disease is contracted. Immunity can be demonstrated eight to 
nine days after vaccination and antibodies reach their peak within two 
to three weeks. Protection lasts for a variable period according to the 
individual; in general five to seven years pass before a primary type 
revacdnation is successful. Experience has shown that case mortality in 
smallpox is four times greater in unvaccinated than in vaccinated 
persons. 

Complications of Vaccination. — Septic infection at the site of 
vaccination may be caused by the introduction of pathogenic bactwia 
either at the time of vaccination or later when the vaccinial lesion has 
developed. Generalised vaccinia is a rare complication characterised by 
the appearance of discrete vaccinial lesions in crops over the surface 
of the body; the condition has an incidence of 1 in 100,000 vacdiW'l 
tions and a case mortality of 30-40 par cent. Vaccinia gat^enasa 
another very rare complication. It is characterised by areas of dee 
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ulceration and necrosis vdiich extend gradually to involve large areas 
of ^n and subcutaneous tissue. Like generalised vaccinia this condi- 
tion may be associated with hypogammaglobulinaemia. Treatment 
may involve the use of antivaccinial gammaglobulin in large doses; the 
drug N-methylisatin j3-thiosemicarbazone has been tried but with little 
success. 

Persons with chronic skin diseases and especially young duldien 
with eczema are prone to develop widespread vaccinial lesiona— 
Eczema vaccinatum — the result of implantation of the vaccine vtn» <m 
the open skin lesion. Eczema vaccinatum is very similar to Eczema 
herpeticum (Kaposi’s disease or varicelliform eruption) in which herpes 
simplex is a causal virus. 

Postvaccimal Encephalitis . — ^Within a fortnight of vaccination an 
acute disseminated encephalomyelitis may supervene in a very small 
percentage of cases, mostly older children who have not been vaccinated 
as infants. A disease identical in its clinical and histological characters 
has been recorded following certain infective diseases, such as smallpox 
and measles, and occasionally in non-exanthematous cases. 

Clinically there is paralysis, at first flaccid and later spastic, while 
meningeal symptoms are frequently noted in children. Histologically 
the outstanding characteristic is the demyelination of the areas round 
the blood vessels. 

It was originally thought that the encephalitis might be due to the 
vaccinia virus affecting the central nervous tissue, but it is now con- 
sidered that post-vaccinial encephalitis may be a different disease, due 
possibly to a separate virus or toxic agent, activated by the vaccinial 
lesion. It has also been suggested that the condition is due to allergy, 
with resultant vascular thromboses which produce the characteristic 
areas of demyelination round the blood vessels. 

Chemotherapy . — ^Vaccinial lesions of the skin e.g. accidental implan- 
tations, have been treated successfully by the topical application of 
interferon or 5-iodo-2' deoxyuridine. 


MOLLUSCUM CONTAGIOSUM 

The lesions of this disease are small copper-coloured warty papules 
on the trunk, buttocks, arms and face. It is spread by direct contact 
or by contanxinated fomites. In the epithelial cells very large inclusion 
bodies, mainly acidophilic in dieir staining reaction, can be observed. 
The inclusions may reach 20-30 n in diameter and crowd the host cell 
nucleus to one side, eventually ^ling the whole cell. When ntiaterial 
from the lesions is crushed, some of the inclusions are burst open and 
horn them large numbers of elementary bodies escape. These vims 
particles have &e size, internal structure and morpholep of the vacemia 
virus. Tlie infection has been transmitted with filtrates to humtm 
I subjects. 11x6 virus prodxures a cytopathic effect in tissue cultures of 
' human cells but does not multiply readily. 



378 


MEDICAL MICROBIOLOGY 


COW-POX VIRUS 

In cow-pox the option appears on the teats as small papules which 
later give rise to vesides and |>U8tules. The cows themselves are not seriously 
affected and no generalised symptoms occur. Friction during the mil^g 
process generally causes the lesions to break and raw tender areas are formed. 
Crusting follows and the "dried scabs fall off in about ten days> leaving an 
unscarred surface. This disease was first described by Jenner, who reaUsed 
that the infection could be transferred to the hands of milkers with vesicle 
formation. In man the lesions may occur in the interdigital clefts, or the 
back of the hands and also on the fore-arms and face. The lesions resemble 
those that follow primary vaccination, although they may be more indurated 
and^the vesicle fluid is often blood-stained. 

Properties of the Cow-pox Virus {Poocvirus bovis). — In size, morphology 
and resistance to heat and chemical agents the cow-pox virus is identic^ with 
the vaccinia virus. It can be distinguished from vaccinia virus by the char- 
acteristic red haemorrhagic pocks to which it gives rise in cultures m the 
chorio-allantoic . membrane of the chick embryo. The intracytopl^smic 
inclusions of the cow-pox virus are much larger than the Guamieri homes of 
vaccinia and have a denser matrix; they have also a tendency to distort the 
shape of the host cell. Serological studies indicate that there is a quantitative 
difference in the minor antigenic components of the two viruses. 

Other Animal Pox Diseases 

Sheep-pox can be an extremely serious disease when it occurs in epizootics 
and has a case mortality varying from 5 to 50 per cent. The virus is quite 
unrelated antigenically to any other members of the pox group. Goats also 
may be infected. 

Swine-pox is clinically similar to cow-pox and sheep-pox. The disease may 
be severe in form with a case mortality of about 20 per cent, or, as in Britain, 
mild with ill-defined pock-like lesions, mainly in young pigs. The milder 
form, however, may be due to i^ection with the cow-pox virus. The 
swine-pox virus from the severe disease is not related to other pox viruses. 

Infectious Ectromelia of Mice, — ^This virus disease occurs in a chronic or 
acute form. In the chronic disease one foot becomes oedematous with serous 
exudation on the surface and crusting; later necrosis and sloughing results 
and spread may take place to another foot or the tail. In the acute disease 
necrotic lesions occur in the liver and other viscera. In the epithelial cells 
of the skin and intestine large acidophilic cytoplasmic inclusions are found, 
and elementary bodies about 260-300 mfi in diameter have also been demon- 
strated in lesions by ordinary microscopic examination of suitably stained 
preparations. The virus can be cultivated in the chorio-allantoic membrane 
and produces pocks similar to those of vaccinia. A serological relationship 
exists between the virus and the variola-vaccinSi viruses. Epizootics of 
ectromelia in mouse colonies can usually be prevented or controlled by 
vaccinating the tails of the susceptible animals with vaccinia lymph. 

The ectromelia virus has been studied extensively by Fenner (1948), who 
used it as a model to elucidate the pathogenesis and epidemiology of pox 
diseases. 

Avian Pox Viruses 

These viruses affect many different species of birds, including the 
domestic fowl, canary, pigeon, turkey, sparrow and magpie. The viruses are 
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adapted to their own hosts and when transferred to birds of different species 
cause only minor signs of disease. The canary>pox and fowl-pox viruses 
have been more thoroughly investigated than the remainder. 

The Properties of tiie Fowl-pox Virus, — In morphology, size, cultural 
characters and in resistance to physical and chemic^ agents the fowl-pox 
virus is closely similar to the vaccinia virus. In the infected bird the virus 
gives rise to large spherical inclusions (Bollinger bodies) in &e epithelial 
cells of the cornified layer of the skin. These inclusions are highly charac^- 
istic of fowl-pox; they are eosinophilic and larger than the nuclei, which are 
often displaced by them and pushed to the side of the cells. Within tibe 
Bollinger bodies there are many elementary bodies of the virus. 

The fowl-pox virus can be cultivated on the chorio-altantdi<r«membrane 
of the developing chick embryo. Fowls can be immunised against fowl-pox 
by inoculation with the pigeon-pox virus, which has a low pathogenicity 
for the fowl. 

Contagious Pustular Dermatitis of Sheep (Qrf) 

♦ 

The manifestations of this disease are pustules on the lips and round the 
mouth and on the mucosa of the mouth, the cornea, the feet and legs and other 
parts of the sheep’s body. The infection is transmissible experimentally in 
lambs by inoculation of the skin with filtrates from the pustules. Human 
infections with the virus are sometimes seen as granulomata on the hands of 
those who handle diseased animals, their skins, or their carcases. The 
causative virus has the same size and morphology as the vaccinia virus, but 
little is yet known of its other characters. It has not been cultivated in the 
chick embryo but has been grown successfully in tissue cultures of human 
amnion. The only susceptible natural host at present available is the lamb. 
The disease has been controlled under field conditions by means of a living 
vaccine consisting of finely ground fully virulent scabs suspended in a 1 per 
cent, concentration in glycerol saline. 

Myxomatosis 

Myxomatosis is a highly infectious and almost invariably fatal disease of 
rabbits; it is characterised by mucopurulent discharges from the eyes, nose 
and genital openings and by the presence of tumour-like masses of tissue 
involving the head, neck and many other parts of the body. The disease was 
originally endemic in Brazil and affected only the native wild rabbit (SylvQagus 
brasiliensis) in which it was manifested as a single localised tumour of the s^. 
It is spread amongst the animals by the bites of mosquitoes and fleas, but there 
is no evidence that the virus ever multiplies in the body of the vector. Myxo- 
matosis has now spread over the whole of the North and South American 
continents and has been introduced into Europe and Australia, The Euro- 
pean rabbit {Lepus europeus) is highly susceptible to the infection, and 
sweeping epizootics during the last ten years have decimated the rabbit 
populations of Australia and Great Britwi. 

Properties of the Virus, — ^Morphologically the virus is identical with the 
vaccinia virus and electron-microscopical examination shows that it measures 
290x230x75 m/x. It is related antigenically to the rabbit fibroma virus of 
Shope, 

Host Range and Cultivation, — ^The only susceptible animal is the rabbit 
^nd all other animals including the hare, monkey and man are re^stant 
The virus can be cultivated in the developing chick embryo and produces 
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pocb on the chorio-allantoic membrane. The virus uill also gnm in the, 
brains of neurbom mice and a variety of mammalian cells in tissue c^ture^ 
Myxomato^ is mechanically tran^ened from the akin of the infected 
animal to the susceptible rabbit by the mosquito, whose mouth parte are 
contaminated with the virus. In Great Britain the main vector is not a 
mosquito but the rabbit ilea. The viraemia whidi follows infection is not of 
direct importance in providing a source of the virus for the arthropod vectors, 
but, of course, is the means whereby the disease is spread throughout the 
rabbit’s body. Tumourous masses with a rubbery consistency are found in 
the lymph nodes of the head and neck and throughout the body and the 
spleen is enhurged. Sections of myxomatous tissue show large stellate cells 
embedded in a homogeneous mucinoris material. Haemorrhages and in- 
flammatory changes are present and in the epithelial cells are large acidophilic 
inclusions which resemble the Bollinger bodies of fowl-pox. 

The complex subjects of the mechanisms of transmission of myxomatosis 
in Australia and Europe and of the emergence of genetically resistant pbbits 
have been reviewed by Fenner (1959). \ 

In vrild rabbits myxomatosis is virtually an uncontrollable d^ase. 
Domestic rabbit and laboratory stocks can be protected by insect-proofing 
of their breeding quarters. Vaccination of the animals with the related t^bbit 
fibroma virus (Shope) offers a high but not absolute degree of protection. 




CHAPTER 32 


HERPESVIRUSES 


This group contains five related viruses; they are Herpesvirus hmims 
the cause of herpes simplex in man, Herpesvirus smiae, or virus B of 
moi^eys, Herpesvirus suis the cause of pseudorabies in cattle and pigs 
(Aujeszl^’s disease), Herpesvirus cuniculi or Virus III of rabbits, and 
Herpesvirus varicellae, the cause of chicken-pox. The first three in this 
list are related antigenically to each other. 

All the members of the group have a similar fine structure when 
viewed with negative staining in the electron microscope. The core 
of the viruses is DNA, and is contained within a capsid composed of 
162 capsomeres arranged to form an icosohedron. The capsomares are 
hollow prisms 12 x 9-5 m/x in diameter with a central hole aboui4 m/t 
across; twelve of the prisms, placed at the comers, are pentagd^l in 
outline and the remaining 150 are hexagonal and located on the edges 
or faces of the icosohedron (see Fig. 22). The mature virions sefen in 
the cytoplasm of the host cells are enclosed by a double membrane. 
The diameter is 100-180 m/t. 



Fig. 22 


A ^gnm of the capsid of a herpesvirus to show the icosohedral symmetry and the 
hollow capsomer^ (After Horne; 1963). Reprinted wth permission. Copyright © 
1963 by Scientific American f Inc, all rights reserved. 


^1 the v^ses grow in tissue cultures and most also in the chicli 
embryo. It is characteristic of this group that they multiply wifiiin tht 
nuclei^ of the host cell producing changes which are sometimes visibk 
as eosmophilic intranuclear inclusions (Cowdry Type A). 


Herpesvirus hominis 

^ "nie most common fom of infection with this viras is that of Herpts 
smpKx, a vesicular eruption at the mucocutaneous borders around 
ups and now. The lesions somewhat resemble those of Herpes xost^ 
both climt^ly and histologically, and in the past there has been some 
confusion between the terms Herpes simplex and Herpes zoster. For 
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parity it is perhaps bettor to use the prefix Herpes only for Herpes 
implex and to omit it in “Zoster” infections because the two conditions 
ite caused by two completely distinct viruses. 

Properties of the Virus. — ^The herpes simplex virus has a diameter of 
100-180 m^. The morphology and fine structure are described above. 

Cultivation and Host Range. — h wide range of laboratory anitnala 
ire susceptible; they include rabbits, guinea-pigs, rats, mice and 
lamstem. The reactions produced depend upon the route of inpcula- 
3on. When introduced into the scarified cornea of the rabbit, kerato- 
conjunctivitis results between twelve hours and seven days after in- 
jculation. The conjunctiva and nictitating membrane beconw intensely 
inflamed and a mucopurulent discharge develops. After intracerebral 
inoculation there is encephalitis with fever, convulsions and muscle 
weakness. Death is the usual termination. A similar encephalitis 
follows the intracorneal inoculation of certain neurotropic strains. 
Suckling mice 1-3 days old are particularly susceptible to intraperitoneal 
and intracerebral inoculation with the virus. Many strai n s produce an 
inflammatory reaction when injected into the skin of the pads of the 
guinea-pig or intracutaneously in the rabbit. 

The fertile hen’s egg is susceptible to infection, and inoculation of 
the virus on to the chorio-allantoic membrane of 11-13-day-old chick 
embryos gives rise to characteristic pocks. These lesions appear 24-48 
hr. after inoculation as small white heaped-up plaques 1-2 mm. in 
diameter. Inoculation of the virus into the yolk-sac or amnion may 
kill the embryo after an incubation period of 48 to 72 hours. 

Human amnion, rabbit kidney, and HeLa and H£p2 cells in tissue 
culture are readily infected with the herpes virus and a typical cyto- 
pathic effect is seen often within 20 hr. of inoculation. Cytoplasmic 
granulation appears and the cells become rounded and ballooned; the 
formation of multinucleate giant cells is characteristic of some strains. 
The cells of choice for tissue culture studies of the herpes virus are 
trypsinised kidney cells obtained from 6-week-old rabbits. 

Reproductive cycle of the herpes virus has been studied in HeLa 
cells. The particles are slowly adsorbed to the surface of the host cells 
over a period of two or three hours and there follows an eclipse phase 
lasting at least nine hours. By the twelfth hour it is possible to detect, 
with tiie electron microscope, virus particles 30-40 my. in diameter in 
' the nucleus. These particles gradually enlarge to a diameter of 70-100 
m/x and acquire a single covering membrane, whilst prc^ressive 
i changes in the nucleus incorporate them in an eosinophilic inclusion 
body which fills the whole nucleus. By 15 hr. tiie particles b^pn 
to leave the nucleus and as they pass through the nudear membrane 
they seem to acquire a second covering membrane. They then pass on 
through the cytoplasm and are liberated through breadhes in tiie ceU 
wall as the fully mature elementary bodies, 120-130 my. in diameter and 
covered by a double membrane. The finret infective virus is Uberated 
>bout 15 hf . after mfection and by 26 hr. many mature partides can be 
on the cdl surface. The rek^ of the virus is by a slow leak rathtf 
than by rupture of tike cell. 
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Viabiity. — ^In infected egg membranes the virus is somewhat un, 
stable; activity is lost after 20 hr. at 30® C. and after five hr. at 37° C.* 
Exposure for 30 min. at 50-52° C. inactivates the virus. The virus has a 
half-life of li hr. at 37° C., and 3f hr. at 30-31° C. If ^-yolk, 10 per 
cent, normal rabbit serum, or 1-0 per cent, skim milk is included in the 
suspending fluid, the virus may, however, be preserved in the frozen 
state for many months. In whole animal tissues in 50 per cent, glycerol 
Baling at 4° C. the virus remains virulent for years. Herpes virus is 
killed by moist heat at 52° C. in 30 min., but it may survive dry heat at 
90° C. for the same period. It is inactivated by ether, 0’5 per cent, 
formaldehyde and 1 per cent, phenol, but is more resistant than non- 
sporing bacteria to 1-0 per cent, gentian violet. 

Antigenic Characters. — ^Antibodies in serum can be estimated by 
complement-fixation or neutralisation methods. Antigens fofe these 
tests can be made from infected tissue cultures {e.g. HeLa cells lowing 
maximal cytopathic effect), infected choriollantoic membranes s|iowing 
confluent lesions, or the brains of 5-7 day old mice inoculated' ^intra- 
cerebrally by the virus. A plaque reduction counting technique can 
be employed in neutralisation tests but for this purpose a virus strain 
known to give macro-plaques is required. Complement-fixation is 
associated with a soluble antigen smaller in size and separate from the 
virus itself. Individuals subject to recurrent attacks have as a rule high 
titres of antibodies to the virus but those who are free from the infection 
often have no antibody in the serum. 

Strains of herpes simplex do not form one single antigenically 
homologus group and it is possible to distinguish, on the basis of 
neutralisation curves, two subtypes (Plummer, 1964). The herpes 
simplex virus is neutralised by Virus B (Herpesvirus sindae) antiserum 
but the reverse of this does not hold. Sabin (1934) showed that there 
are serological cross-reactions , between the herpes simplex, virus B, 
and pseudorabies viruses. 

Pathogenesis. — Infections with the herpes virus are extremely 
conunon and very variable in their clinical manifestations. There are 
two forms of herpetic disease; (1) primary infections of susceptible 
persons who have no circulating antibodies and (2) recurrent localised 
disease in patients whb are partially immune. Primary infections are 
common early in life and probably take place soon after the child has j 
lost its maternal antibodies ; in many of the cases the disease is subclinical 
but in the remainder aphthous stomatitis or various other clinical i 
manifestations occur. Serological surveys have shown that many more 
adults have circulating antibodies than can be Accounted for by a history 
of clinical infection. 

Bficurrent Herp^c Infections. — ^The commonest is Herpes 
simplex (Herpes IdMaKs or Herpes febriUs). Reddish papules appcM st 
mucocutaneous junctions and quickly vesiculate. They are esped^ly 
common around the lips and nostrils. When fully developed thinj 
walled vesicles are closely grouped on an erythematous base; later th« 
lesions be<^e pustular, crust over and some finally heal wiAout a 
After healing the infection commonly remains latent for Umg period* 
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ind the lesions tecur often at predaely liie same site, and at fteqi^t 
iitervak. They seem to be provoked by such ncm-specifk; » 

:old, exTOSure to sunlight, menstruation, a variety of qommon bacterin 
[nd vinu infections {t.g. lobar pneumonia) and arrificid fever. 

Herpetic whitlow is a lesion localised on the fingers and is found not 
nfrequently in nurses and doctors. The virus is probably inoculafed 
:hrough small skin abrasions during handling instruments or 
tracheal catheters that have been contaminated with oropharygeal 
secretions. An individual with a herpetic whitlow may read^ spread 
the virus to patients or other persons. 

Herpetic kerato-conjunctivitis may take many forms, varying from 
superficial punctate keratitis to marginal keratitis, multiple comeal 
erosions, dendritic ulcer or diskiform keratitis. The lesions are fre- 
quently characterised by recurrences and relapses and the resulting 
corneal opacities are a serious hazard to s^ht Ammcan authors have 
stated that these lesions are a common cause of blindness. These mani- 
festations may be preceded by primary herpetic infection of the eye 
which begins with an acute follicular conjimctivitis and swelling of the 
eyelids with vesicle formation. 

Prinuuy Herpetic Infections occur in persons lacking any im- 
munity and take the form of acute local inflammatory reactions which 
appear after an incubation period of four to seven days. They include: 

(a) Aphthous stomatitis, or acute herpetic gingivo-stomatitis, which 
is the commonest type of primary infection with the herpes virus. The 
condition is usually seen in children 1-3 years old and is characterised 
by fever with red swollen gums and a vesicular eruption on the oral 
mucous membranes. Submaxillary and cervical lymphadenopathy is 
very common. 

(b) Genital herpes . — ^Typied herpetic lesions may occur as a prinmy 
infection on the genitalia. In infants the virus may give rise to a severe 
rash in the napkin area or to a vulvo-vaginitis. Primary infection also 
occurs later in life and inflamed vesicular areas are seen on the genitalia 
, of young adults of both sexes. The infection in some instances is spread 
I during sexual intercourse. 

(c) Eczema herpetiam {KaposPs variedUform eruption) is a prumuy 
manifestation of infection with the herpes virus in a {^ent alrouly 
suffering from eezona. The condition is characterise by verides 
widespread over the eczematous skin and is very severe, e^>eciaUy in 
children under the age of 1 year. 

Meningo-eneeil^u^ltis may occur rither as a boi^P'^ fraran of asqpric 
I meningiris or as a severe type of encephalitis with destrucrive lesions 
involving the ganglionic nerve cells maimy in the cerebral cortex. The 
latter is more common when {»imary ii^torion occurs in fcmsg athihs. 
The virus is present in the ceadirospinal fluid. 

Disseminated herpes . — A fatal geonralised form of tbe disease hta 
been described occurring prindpwy in premature infintta. There is 
lagh fever, jauntflee, and eno^duditts. Neerotic kuons arei found M 
lutopsy in die liver, aple^ brain, kidney, and auptaremd glands. 

%iddi|iijkdogy. — The herpes simplex virus Iflmthe mwides vims is 
2b ^ 
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very widely distributed in man. In genend, HHure than 60 p«: c^t, of 
persons over &e age of six years have been infected by the herpes vims. 
Overcrowding increases the incidence markedly ^ the perceirtagte of 
persons with herpetic antibodies is markedly higher in urban , oi«b- 
munities than in the country (MacCallum, 1959). 

Infection is transmitted in many cases by direct touch with haudg 
as when the mother or nurses handle a new bom baby, or in ki^mg or 
sexual intercourse. Most herpetic infections are, howCTer, acquired in 
infancy. Fomites such as towels, soap, cutlery, china, or drinking 
vessels may also spread the infection. The source of the virus is a case 
or a carrier who is excreting the virus in the secretions from his 
orc^harynx, eyes or genitalia. 

Specific antibodies are present during the first few months qf life in 
the serum of children born to herpetic mothers and young babie^ Seldom 
develop herpetic infection. Primary infection occurs most cotiimonly 
in infants between the ages of one and five years. In an u^own 
proportion, possibly high, these primary infections are subclitfical in 
nature. In apparently healthy children in one series, studied by 
Buddingh et al (1953), there was a salivary carrier rate of 20 percent, 
among children aged seven months to two years but by the age of 20 only 
2*5 per cent, still carried the virus. The commonest acute manifestation 
is aphthous stomatitis and children excrete the virus in the saliva and 
faeces for several weeks after clinical infection. Primary infection in 
adults, e.g. genital herpes, is less common. 


Laboratory Diagnosis 

The virus may be isolated from the vesicle fluid from lesions on the 
skin or mucous membranes and may also be found in the throat, saliva 
and faeces. Material should bti inoculated into suitable hosts of which 
the chorio-allantoic membrane of 12-day-old chick embryo and 2-day- 
old suckling mice are recommended (vuie supra). Primary cultures of 
the kidney cells of young rabbits and also human amnion are very 
sensitive to the virus. Of continuous lines, H£p2 and particularly the 
rabbit kidney GRK cells are useful. On primary isolation the viruses 
produce a general rounding of the cells in the monolayer which is seen 
two to six days after inoculation; giant cells and symeytia are not formed 
in early passages. One or occasionally two blind passages may be 
required before the virus can be detected. The lesions developed in 
these hosts should be examined histologicallyjbr intranuclear indusions 
and the virus identified by neutralisation tests with specific anriserum. 

Antibodies in the patient’s serum may be measur^ in complement- 
fixarion reactions and in neutralisation tests. The presence of antibody in 
the serum of an adult, however, is of doubtful significance because 60^90 
par cent, of people have antibodies continually present in their sa^- 

ChemotWapy. — There is evidence that 5-iodo-2' deoxyuridine 
instilled into the eye at 1-2 hourly interval, has a therapeu^hc .^eet in 
cases of herpetic kerato-conjunctivitis (Kaufrnui et al., 1962)- 
virus, however, lu» been shown to develop redsfance to the drug> 



Heipetvinu tuniae (Vinu B) 

Virus B has thieved in monkeys the same state of successfsA 
arawtism that obtsnn® in man with the herpes virus. Two per cent, 
of rhesus monkeys carry the virus in a latent form. Virus B a thus a 

natural parasite of monl^. ... 

The morphology and physico-chemical charactos of the vu^ ai^ 
closely similar to those of Herpesvirus horntnis. Virus B grows reaji^r 
in tissue cultures of human, monkey and rabbit tissues and abo <m the 
chorio-allantoic membrane of the chick embryo. The virus haS a close 
antigemc relationship to the he^es simplex virus and a remote one to 
the pseudorabies virus. An antiserum to virus B neutralises the herpes 
simplex virus as well as it does virus B but an antiherpes simplex serum 
has W little power to neutralise virus B. 

Pathogenesis. — Human infections with this virus are almost in- 
variably fatal but are fortunately infrequent. The virus is introduced 
through the bite of an infected monkey; vesicles develop at the site of 
the bite after an interval of about three da 3 r 8 and on about the seventh 
day the virus reaches the central nervous system by way of the peri- 
pheral nerves. An ascending paralysis follows with involvement of the 
respiratory centres and death. 

In monkeys infection is characterised by vesicular lesions on the 
Ups and tongue and an aphthous stomatitis. Subclinical infection is 
common and spread is by direct contact. Many apparently healthy 
monkeys excrete the virus in the saliva but not as far as is known in 
faeces or urine. Overcrowding greatly facilitates the spread of infection 
and in one colony 75 per cent, of the monkeys were found to be infected. 
One per cent, of pools of infected monkey kidney tissue cultures used 
.for the preparation of poliomyelitis vaccines have been found to be 
contaminated with virus B and steps are now required to eliminate 
this risk. 

Infection with this virus presents a hazard to laboratory workers 
(who handle monkeys or who use their tissues in cultural work. Bites 
Ud wounds require prompt disinfection and it has been sug^;ested that 
jan inactivated vaccine should be developed to protect laboratory 
(workers. 

i; 

Hetpe sviro s sub (PseudoraMes Vims) 

Pseudorabies or Aujeszky’s disease affects the central nervous system, 
causes paralyris, and occurs in dogs, cattle, horses, pigs, sheep, rata and 
certain other animals. It is r^idly fatal in idl these species ex«pt the adult 
pig. In pigs the dkease closely resembles Tesdien or Talfan diseaw (see 
^■^1). An important point of differentiation frmn rabies is that die aniniials 
'wer from intense itemng of the hindquarters, a symptom thss has to 
he condition being known as the *‘mu itoh". It slw differs in tihat the 
"urnala are not aggiesnve. The virus is not stirkstty nesuotttq^, for it ,n^ 
>e demonstrated in tihe oedematottt subcutatwoiu tissue in the focid 
^onandinthe lunea. It is not found in the sdiva. Hittoh^iedBy the vfoiw 
^uses severe and mdeapread neural damage »id diaracteristic intranudear 
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inclusions have been described in the most severely idffected neurons. Anti, 
genically it is distinct from die virus of rabies irith 'twdi it has no relatiohsi^ 
whatever. The p8eudond}ies virus contains DNA and is sinular in s^ aoj 
fine structure to Herpesvirus homms. The vims survives 30-46 days in hay 
at atmospheric temperatures. It can be cultivated in the cluck embryo ^ 
the chorio-allantoic membrane where it produces white plaques afW four 
five days’ incubation. Many strains cause haemonfiagic ence|:dialiti8 and 
kill the embryo in four to five days. When inoculated on to moiiolayers of 
chick fibroblasts, pig kidney, or guinra-pig, rabbit, or dog tissues' a cyto. 
pathic effect is produced and plaques are produced. Rablnts are highly 
susceptible to the infection. Guinea-pigs, rats and mice are more resistant 
NeutnUisation tests indicate that there may be antigenic components of this 
-virus that are shared with the herpes simplex virus and virus B. The principal 
natural reservoir of the vims is the adult pig, but the rat is alpo latently 
infected. There is evidence that the disease may spread from rats to pigs 
snd from pigs to cattle. The vims of Aujeszky’s disease has bwn isolated 
from cattle, pigs, cat^ and rats in Northern Ireland. It can be cmtivated in 
the chorio-allantoic membrane of the cluck embryo, where it procmces white 
pocks after four to five days’ incubation and also by tissue cultural methods. 
Many strains cause a haemorrhagic encephalitis and death of the ethbryo. 


CmCKENPOX AND ZOSTER 

These two diseases differ greatly in their clinical manifestations but 
there can be little doubt that Siey are caused by a single virus. 

Chickenpox (varicella) is a mild and extremely infectious disease 
occurring principally in young children. Papules which rapidly become 
vesicles appear on the first day of the illness; they occur in successive 
crops and spread from the face and scalp to the trunk and limbs but do 
not involve the hands or feet. 

In zoster a very similar vesicular emption is confined to an area of 
skin corresponding to the distribution of a sensory nerve. These lesions 
may be very pain^l and are usually unilateral; the most frequent sites 
are the tmt^ and an area on one side of the face supplied by one of the 
divisions of the trigeminal nerve. Zoster is a sporadic condition in 
adults and seldom occurs in children. It is not highly infectious. 

Properties of the Virus . — ^Elementary bodies are abundant in vesicle 
fluid collected within 12 hr. of the appearance of the duckcnpox 
lesion; by 24 hr., however, they have become very scanty. They can 
be demonstrated by the staining methods used for the smallpox virus. 
The mature virions are rounded and variable in size, their average 
diameter is 200 mp. 'When first detectable in ultra-^n sections of 
infected cells they appear as bodies 30-40 m/n in diameter, covered by> 
thin membrane but by the time they have reached the c^plasm W 
have increased in size to 150-200 m/i and have acquired a sec^d 
thideer covering membrane. Mature virus stained neipiti^ly by 
pho^hotungstic add is seen to have a cubical symmetry ideatical 
ffiat of Herpesvirus homms; the capdd takes the form of im 
with 162 hdlow capsomeres (Alnidda, flowatson and WfllianM, Ivb*/*' 

Cultivation . — ^The virus in vedde fluid ffmn cases of j 
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al»o £r(»n 208ter cui %e cultivated ia a varied of.o^ Kuman 
irigin utd in some £n»& mcH^eys. The virus will multipfy in gtow^ 
plants of human i>re^oe or in human embryonic dcm-muacle in.. 
)lasina clots (Weller, Witton and Bdl, 1958). Trypsinised cultures of 
luinan amnion cells have been xised successfully for the isdation of the 
/irus from vraicle flmd, md monkey kidney and HeLa cdls suppcHt the 
n’owth of virus strains in infected fluids from tissue culture (Taylor- 
^obinson, 1959). 

The c}rtopathic effect in all types of tissue cultures is cfaanu^liimstic 
md is identical whether the inoculum is obtained from chickmipOE or 
roster material. Fod of infection appear and enlarge sbn^ as con- 
tiguous cells are infected; these lesions are first seen siX' or seven days 
after inoculation and reach thdr maximum in about three weel^ 
Characteristic acidophilic inclusions develop within the nuclei of the 
cells at the centre of the lesion and later syncytia! cytoplasmic masses 
are formed. The supernatant fluid from tissue culture usually contains 
very little infective virus since elementary bodies are retained within the 
host cells. To propagate the virus it is necessary to detach infected 
cells from the glass and to transfer them to fresh cultures. Infective virus 
can be released from infected cells by ultrasonic disint^ation. 

Laboratory animals and the chi^ oonbryo are not susceptible to 

i infection with the virus and the only susceptible host (apart from tissue 
cultures) is man. When vesicle fluid from a case of zoster was in- 
oculated experimentally into the skin of young susceptible children a 
1 lesion at the site of inoculation appeared nine to twelve days later, 
le of 17 such children developed a generalised rash on the 14th day. 
mtacts of the inoculated children developed chickenpox after the usual 
imbation period. It has been repeatedly observed that natural infec- 
in of children with chickenpox may follow contact with a patient wiffr 
ster and it is established that varicella contracted in this way is 
idemiologically and immunologically typical. In contrast, die reverse 
ocess, when the adult develops zoster after contact with r^ildren with 
lickenpox, is thought to occur only very rarely. 

ViakUty. — ^The virus survives for only a few days in tissue culture 
ispensions but can be preserved for many months at —70° C. It is 
ictivated in 30 min. at 37° C. 

Antigem Characters . — ^Veucle fluid or extracts of crust fr^m 
uckenpox or zoster behave identically in the presence of sera item 
nvalescents from dther disease. There is no ^fference between the 
> in agglutination tests nor in complement-fixation reactions (Tayknr- 
‘Obinson and Downie, 1959). In predpitin tests using tiie Otu^torlicniy 
'chnique no difference can be d^ected betwewi the antig(x» <rf xoster 
d varicella or in the antibodies in the s»a (Tayior-Robinstm mid 
°'i<lle, 1959). The virus is unrelated to the virus m herpes siii^lex. 
Jotht^enesis . — It is thought that dbkkenpox is contracted % ia- 
'Ig infected particles and that the virus entm the body titrotmh ^ 
^Puatory mucosa. Tlmrashisfffesiimedtobecausedbytiietoctika* 
nf the virus in die titin frmn tite blood steenm; a vixaentie {dune Is 
‘'tulated at or just bdbre the onset of the illness. The ixuteistion 
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period is twelve to sbcteen days. Histologically the verides in duriteQ. 
pox and zoster are identical. The lower layer of the efridenoh » 
ballooned and there is degeneration of the epidermal ceUs with die 
formation of multinudeate giant cells. In the cells at the base of the 
lesions there are eosinophilic intranuclear indusions similar to tiiose seen 
in infected tissue culture cells. 

Zoster has, as a rule, a prodromal period of three or four days of 
fever and malaise before the appearance of the skin eruption. At this 
time there is commonly pain and tenderness over an area of skin supplied 
by nerves from one of the dorsal nerve roots. In this area papules 
appear and rapidly become vesicles; during the succeeding days the 
v^icle fluid becomes doudy, and then after rupture of the vesicles the 
lesions dry up and healing slowly follows. The lesions are unilateral 
and may be very painful; in some cases espedally when theftrigenunal 
nerve is involved there may be residual paralysis. In 2-3 i»r cent, of 
cases there is a generalised rash. In some cases there may b^ a menin- 
geal reaction with an increased niunber of mononuclear c^ls in the 
cerebrospinal fluid. Encephalitis is a rare complication. \ 

The site of infection in zoster is in the dorsal root ganglibn where 
there is an acute inflammatory reaction; a monoc 3 rtic irSammatory 
exudate is seen with haemorrhage and necrosis of the ganglion cells. 
Degenerative changes follow, passing down the nerve fibres to reach the 
skin and in some cases centrally to reach the posterior column where 
they involve the anterior horn cells and give rise to paralysis. 

The incubation period in zoster is diflicult to determine; it is shorter 
than in varicella and estimates range from three to seven dayrs and up to 
seven to fourteen days. 

Laboratory Dia^osis. — In chickenpox there is seldom any need 
for laboratory help in diagnosis unless the possibility of smallpox has tobe 
considered. Confluent chickenpox in a young adult may resemble 
smallpox very closely, and in such patients specimens must be collected 
and examined by the methods described for smallpox on p. 371. In 
direct smears from the skin lesions elementary bodies may be seen, but 
they appear smaller than the variola virus and are much less numeroia 
The presence of multinudeate giant cells in Giemsa stained films is 
highly suggestive of chickenpox. Vesicle fluid and extracts of crusts 
from patients with zoster and varicella fail to fix complement when 
mixed with anti-vacdnial serum. 

The virus in material from either disease may be identified i” 
complement-fixation reactions with antisera from convalescent cases <» 
chickenpox and zoster. Antibodies in the serum can be measured a 
complement-fiixation and neutralisation tests using as antigen vesids 
fluid or tissue culture fluids. . ; 

l^deminlogy. — Chickenpox is a highly contagious disease of chud’i 
hood. Its maximum inddence is between &e ages of two and six 
but it is not uncommon in the first year of life. About 20 per cent oj 
Cases may occur in adult life. The dis«Me has a seastmal prevalence i 
the winter and spring; the case mortality is n<q;li^le. _ . 

Zoster is a sporadic disease uncommon in duldren. Ibe disease 
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not highly infectious and there is no prevalence at any pardcuter season, 
phe mode of infection in zosto: is unknown. Contacts with zoctti^ do 
Qot usually develop zoster themselves, but are more liable to sufier 
ffoin cht c k enpox. 

The Relationship of Zoster to CUckenpox . — ^The pathogenesis of these 
two diseases and laboratory studies of the viruses isolated from l^em 
leave little doubt that they are different responses to infection vnth the 
same virus. It has been shown that high antibody titres are preset in 
zoster in the early stages after die onset of the infection smd t^ in 
chickenpox such levek are not attain^ until late in conytiesc^ice. 
This, together with the shorter incubation period of zoste^ has led to 
the suggestion that zoster is the manifestation of iidfrction in the 
partially immune subject. Thus varicella may represent dissemination 
of the virus in the blood stream of the susceptible persoit, whereas zoster 
represents the invasion of nerve pathways in a patient who has a small 
measure of immunity remaining from a childhood infection. Alter- 
natively, zoster may represent the reactivation of a latent virus dormant 
for many years in the patient’s tissues. There is, however, little evidence 
to indicate in which tissue the latent virus lies. 

Infectious Laryngo-Tracheitis 

This is a highly contagious respiratory infection of domestic fowls, 
turkeys and pheasants. The incubation period is less than 48 hours, and 
after entering the flock infection does not stop until almost every bird has 
been attacked. The s}rmptoms are those of cough and severe dyspnoea due 
to respiratory obstruction. The principal pathological lesion is a thick 
blood-streaked inflammatory exudate over the surface of the larynx and 
trachea. Intranuclear inclusions are found in infected epithelial cells in 
the trachea. 

The virus of infectious laryngo-tracheitis is 45-85 mjit in diameter. 
Filamentous forms are described. Under the electron microscope negatively 
stained particles have an appearance resembling the virus of herpes simple 
(q.v.). It can be propagated on the chorio-allantoic membrane of the 
developing chick embryo, where it produces white pocks. The virus can 
be cultivated in minced chick tissue cultures of the Maitland type and also 
in monolayers of chick cells. The virus survives at room tenmerature for 
periods up to 90 days but it is readily inactivated by heat at 55 -75° C. and 
by the usual antiseptics. No haemagglutinating activity has been described. 
The relationship of this virus to other respiratory viruses is not determined. 

Recovered birds may carry the virus for as long as two years and thus 
form the reservoir from wdiich new outbreaks are derived. 

Control of the disease usually necessitates the comply eradication of 
infected flocks and the vigorous ^infection of contaminated premises. In 
^me countries vaccination is practised; an unattenuated strain is used for the 
purpose and is introduced by painting on tihe cloaca. 
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period is twelve to sixteen days. Histologically the vesicles in chicken- 
pox and zoster are identical. The lower layer of the epidmnis is 
ballooned and tho'e is d^eneration of the epidermal cells with the 
formation of multinudeate giant cells. In the cells at the base of the 
lesions there are eosinophilic intranuclear inclusions similar to those seen 
in infected tissue culture cells. 

Zoster has, as a rule, a prodromal period of three or four days of 
fever and malaise before the appearance of the skin eruption. At this 
time there is commonly pain and tenderness over an area of skin supplied 
by nerves from one of the dorsal nerve roots. In this area papules 
appear and rapidly become vesicles; during the succeeding days the 
vesicle fluid becomes cloudy, and then after rupture of the vesictes the 
lesions dry up and healing slowly follows. The lesions are un^teral 
and may be very painful; in some cases especially when the trige^nal 
nerve is involved there may be residual paralysis. In 2-3 per cent, of 
cases there is a generalised rash. In some cases there may a menin- 
geal reaction with an increased number of mononuclear cells ih) the 
cerebrospinal fluid. Encephalitis is a rare complication. 

The site of infection in zoster is in the dorsal root ganglion where 
there is an acute inflammatory reaction; a monocytic ir^ammatory 
exudate is seen with haemorrhage and necrosis of the ganglion cells. 
D^nerative changes follow, passing down the nerve fibres to reach the 
skin and in some cases centrdly to reach the posterior column where 
they involve the anterior horn cells and give rise to paralysis. 

The incubation period in zoster is difficult to determine; it is shorter 
than in varicella and estimates range from three to seven days and up to 
seven to fourteen days. 

Laboratory Diagnosis. — ^In chickenpox there is seldom any need 
for laboratory help in diagnosis unless the possibility of smallpox has to be 
considered. Confluent chickenpox in a young adult may resemble 
smallpox very closely, and in such patients specimens must be collected 
and examined by the methods described for smallpox on p. 371. In 
direct smears from the skin lesions elementary bodies may be seen, but 
they appear smaller than the variola virus and are much less numerous. 
The presence of multinudeate giant ceils in Giemsa stained films is 
hig^y suggestive of chickenpox. Vesicle fluid and extracts of crusts 
from patients with zoster and varicella fail to fix complement when 
mixed with anti-vaccinial serum. 

The virus in material from either disease may be identified in 
complement-fixation reactions with antisera from convalescent ewes of 
chickenpox and zoster. Antibodies in the serum can be measured in 
complement-fixation and neutralisation tests using as antigen vesicle 
fluid or tissue culture fluids. 

— Chickenpox is a highly contagious disease of child- 
hood. Its maximum incidence is between die ages of two and six years, 
but it is nc« uncommon in the first 3 rear of life. About per cent, of 
cases may occur in adult life. The disease has a seasonal prevalence in 
the winter and spring; the case mortality is negligible. 

Zoster is a sporadic disease uncommon in children, llie diaeafie is 
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not highly inffictioits and there is no prevalence at any particular season. 
The mode of infection in zoster is unkhovm. Contacts whh Zps^ido 
not usually devdop zoster themselves, but ate more liable to suffer 
from chickenpox. 

The Relationship of Zoster to Chickenpox . — ^The pathogenesis of these 
two diseases and laboratory studies of die viruses isolated ffom dieQi 
leave little doubt that they are different responses to infection the 
same virus. It has been shown that hi^ antibody titres are pres^mt in 
zoster in the early stages after die onset of the infectum and diat in 
chickenpox such levels are not attained until late in convalescence. 
This, together with the shorter incubation period of zoster, has led to 
the suggestion that zoster is the manifestation of infection in the 
partially immune subject. Thus varicella may represent dissemination 
of the virus in the blood stream of the susceptible person, whereas zoster 
represents the invasion of nerve pathways in a patient who has a small 
measure of immunity remaining from a childhood infection. Alter- 
natively, zoster may represent the reactivation of a latent virus dormant 
for many years in the patient’s tissues. There is, however, little evidenc e 
to indicate in which tissue the latent virus lies. 

Infectious Laryngo-Tracheitis 

This is a highly contagious respiratory infection of domestic fowls, 
turkeys and pheasants. The incubation period is less than 48 hours, and 
after entering the dock infection does not stop until almost every bird has 
been attacked. The symptoms are those of cough and severe dyspnoea due 
to respiratory obstruction. The principal pathological lesion is a thick 
blood-streaked indammatory exudate over the surface of the larynx and 
trachea. Intranuclear inclusions are found in infected epithelial cells in 
the trachea. 

The virus of infectious laryngo-tracheitis is 45-85 m/u in diameter. 
Filamentous forms are described. Under the electron microscope negatively 
stained particles have an appearance resembling the virus of herpes simplex 
(q.v.). It can be propagated on the chorio-allantoic membrane of tiie 
developing chick embryo, where it produces white pocks. The virus can 
be cultivated in minced chick tissue cultures of the Maitland type and also 
in monolayers of chick cells. The virus survives at room temperature for 
peiiods up to 90 days but it is readily inactivated by heat at 55®-75® C. and 
by the usual antiseptics. No haemagglutinating activity has been described. 
The relationship of this virus to other respiratory viruses is not detemuned. 

Recovered birds may carry the virus for as long as two years and thus 
form the reservoir from which new outbreaks are derived. 

Control of tiie disease usually necessitates the complete eradication of 
infected docks and the vigorous disinfection of contanrinated premises. In 
some countries vaccination is practised; an unattenuated strain is used for the 
purpose and is introduced by painting on the cloaca. 
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CHAPTER 33 


MYXOVmUSES; ADENOVIRUSES; 

OTHER RESPIRATORY VHtUSES 

The infections discussed in this chapter are common rn^dies ixduch 
make up the bulk of the respiratory diseases occurrii^ tyinter. 
They vary in severity from a simple cold to a feverish and 
prostrating attack of it^uenza, or to severe bronchitat and broncho^ 
pneumonia. Although the pharynx, larynx and the upper air passages 
are most frequently involved, the conjunctiva and sdivary glands 
may also be affected. Most of these diseases are h^hly infectious 
and many commonly occur in epidemics. Our knowledge of their 
aetiology is far from complete, but two main groups of viruses, the 
Myxoviruses and the Adenoviruses, are responsible for a considerable 
proportion of respiratory illnesses. In addition, the common cold 
viruses, the ECHO viruses, and a number of other viruses also cause 
respiratory infections. 


MYXOVIRUSES 

The myxoviruses cause respiratory diseases in man, animals and 
poultry. Tliey derive their name from the affinity they possess for the 
mucus present in the respiratory tract and elsewhere. They vary in 
size from 60-200 mfi (more usually 80-150 mfi) and are sphaical or 
filamentous in shape. They contain a core of RNA with protein 
capsomeres arranged along its coils, and have a lipid-containing covering 
membrane which makes the viruses sensitive to 20 per cent, ether. 
Many members of the group, thou^ not all of them, possess an enzyme 
which causes the agglutination of erythrocytes. 

Two kinds of myxoviruses can be distinguished (Vfztanoa, 1962). 
The first group contains the true influenza viruses A, 6 and C., tihe 
viruses of swine, duck and horse influenza, and also the virus of fowl 
plague. The second group includes the mumps, Newcnstfe, para* 
influenza 1, 2, 3 and 4, simian myxovirus S V5, and perhaps the measles, 
canine dfetemper, and rinderpest viruses. 'Ihis second group d^^ 
from the first in that its members are larger and more variable in 
possess haemolysins as well as haemagglurimns, and lack filamentous 
forms. The internal RNA of this group takes the form of a fihunent 
about 18 mf( in diameter and contrasts with foe slender stnictm^ 9 m/t 
in diameter found in foe true influenza viruses. 

Myxovirus infiuensno A, B sod C 

Influenza is an acute febrile infectious respiratory disease of man 
commonly encountered in ^deimc fotim 

Morphokgy.'^lxi mfected aUsntoic fluid foe virkms are 
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spherical and mostly 80 to 120 mft in diameter. Filamentous forms ^ 
about this diameter Mid up to several microns in length are c^en 
present in strains of virus A recently isolated from man; they can be 
demonstrated by dark-ground microscopy and in stained preparations. 

. Under the electron microsoqie the virion is seen to consist of a hollow 
helically arranged nucleoprotein structure, about 800 m/i in length and 
9*0 m/i in diameter, twisted and wound upon itself to form a centrally 
disposed mass, the whole being covered by an outer membrane 7-10 m/i 
thick. Protruding from the surface of the virion are rod-like projections 
(the haema^lutinins) which are about 8-10 m/t long with a centre to 
centre spacing of about 8*0 m/i. 

Host Range and Cultivation . — ^The ferret is the most susceptible 
animal; after intranasal inoculation it develops fever and a nasU dis- 
charge due to inflammation of the ciliated epifoelium over the tuminate 
bones. Ferrets recover quickly from the infection and develop, high 
litres of antiviral antibodies in their serum. Mice are less susceplhble, 
but with repeated “blind passage” by intranasal inoculation under ether 
anaesthesia, strains of the virus can be adapted to give rise regular'fy to 
pulmonary consolidation. 

The developing chick embryo at the age of thirteen days provides in 
its trachea and lung buds, cells which are highly susceptible to small 
doses of the myxoviruses. Although free growth of the virus takes 
place, the embryos do not die from the infection and no obvious lesions 
can be detected. The eggs, after inoculation, should be incubated for 
48-72 hr. at 35° C. The presence of the virus is detected by the 
demonstration of haemagglutinating activity in the embryonic fluids. 
Once adapted to the amniotic cavity, influenza viruses A and B can be 
transferred to the allantoic cavity where a rapidly growing mutant 
emerges to outgrow the original virus inoculum. The original, or “0”, 
virus grows better in the amniotic than the allantoic cavity and its 
variation to the derivative, or “D” phase, is accompanied by altered 
haemagglutination properties (see p. 399). Influenza virus C grows only 
in the amniotic cavity. 

Influenza viruses can also be grown in tissue culture monolayers 
prepared from chick or human embryonic tissues, human amnion cells 
or monkey kidney cells at 32° C. Their cytopathic effect may not be 
obvious and they are detected by the demonstration of haemagglutin- 
ating activity in the tissue culture fluids or of the adsorption of 
guinea-pig erythroc 3 rtes to the surface of the monolayers (haemadsorp- 
tion) (Vogel & Shelokov, 1957). 

Haemagglutmation . — ^Virus is adsorbed to receptor areas on the 
red-cell surface and agglutination of erythrocytes results from the 
elementary bodies acting as bridges which join adjacent ceils. Bival^t 
cations {e.g. Ca) must be present in the suspending fluid for the reaction 
to take place. After prolonged contact at room temperature the virus 
is rdeased, or eluted from the red cells. The eluted virus is unaltered 
tmd remains capable of agglutinating fresh red cells. The treated 
red cells, however, are permanently altered and can no ^ 

, a^^tinated by the same virus although they still may be agi^tiaated 



INFLUBNZA VIRUSES 


395 

bjr some other kinds of virtues. Myxovinwes have a varying al^i^ to 
remove or destroy receptors from red cells and some, wUch are {ribbed 
high on the so-called “receptor gradient”, remove receptors not only 
for themselves but for all other viruses placed lower on the gra^ent. 
The order of virus® on the receptor ^dient starting with those with 
the weak®t action on red cell receptors is : mumps, Newcasde, 

A (MEL strain), influenza B (Lm), influenza A (Swine), iyiliiMiWWf B 
(Mil). A seri® of events similar to the virus reaction nsith red cells 
occurs with the cells of the r®piratory tract. The rece^bor destroying 
r®ction is enzymic in nature, and the cell surface receptor is a neura- 
minic acid-containing mucopolysaccharide which is attacked 8pecifi®Qy 
by the virus enzyme (neuraminidase). 

The Virus (^omtk Cycle . — Infection of the cell begins when the 
virus particle becom® attached to the receptor ar® on its surface; for a 
short time the attachment is loose, but it soon becom® irreversible and 
either the whole or part of the particle passes through the cell wall to 
enter the cytoplasm. Once within the cell, the virus los® its identity 
for a period of two or three hours and cannot be detected by infectivity 
experiments or by haemagglutination or complement-fixation r®ction8. 
This stage of the reproductive cycle is known as the “eclipse phase” 
and it is thought that at this time the virus particle has broken down 
to components, each of which multiplies separately. Fluorescent anti- 
body staining and isotope studies sugg®t that repli®tion of viral 
nucleoprotein tak® place in or very close to the nucleus. 

Three or four hours after infection of the cell, the newly formed 
viral nucleoprotein becom® an^enically active and can fix complement 
in the presence of antisenun. The antibodi® developed against this 
antigen are group-specific; i.e. they ®n r®ct not only with the original 
infecting strain but also with all members of the same type. 

The properti® of this complement-fixing or soluble antigen can be 
studied when ceils are broken open by rapid freezing and thawing a 
few hours after infection. The antigen is found to consist of small pro- 
tein partici® 12 m/x in diameter, t.e. about one-tenth the original size of 
the virus of the elementary body. They have a molecular weight of 
approximately 600,000, and contain 5*3 per cent, ribonucleic add; they 
are non-infective and non-haemag^lutinating. On account of its smaU 
size the antigen is usually referred to as the sobAle antigen, a term which 
is to be preferred since other constituents developed later in the influenza 
virus partide are also able to fix complement. Antfliodms i^;sunst die 
soluble antigen are induced during infection, but not by the inocolatiim 
of inactivated virus; they are not protective and do not neutralise five 
virus. 

Followup the formation of die soluble anfigen, haema^utsnin 
which is 8yndi®ised separately, appears in the edis; it is not infective 
and is comidered to be a mucoprotein which contribut® about 13 per 
cent, of tibe wdght of the mature particle. In the haemag^tinin 
r®id® die enzymatic activity of the virus wMdb giv® It a 
for the host cell. The assembly of the mature i^eedve p^de can be 
sem in ultra-thin sections of ceils under dM dedron mkrosci^ 1[1ie 
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process takes place at the periphery of the cell cytoplasiD wirii the active 
partidpation of the cell wall riiroitgh which the particles are extru^ 
taking on a coating of lipid material as they go. The latent period 
elapsii^ before the liberation of new virus is four to ei^t hours. The 
extrusion of the virus contimies over a period lasting some 36 hours 
without apparent damage to the cell. A single infected cell rdeases 
between ^ and 120 mature infective partides. With some virus strains, 
filaments rather than spherical elementary bodife emerge and this 
process may be a stage in the reproductive cyde modified so that normal 
segmentation does not occur. Filamentous virus has normal haem- 
agglutinating and antigenic properties, but may not be fully infective. 

Structure of the virion . — The particles are roughly spherical and 
80-100 mfi in diameter. They are covered by a surface enwlope 
7-10 m/i thick through which protrude rod-like projections 8-ld m/u 
long spaced regularly at intervals of 7-10 m/i. (see Fig. 23). When the 
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Diagram to indicate present views on the structure of the influenza virus. (Honte, 
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virion is disrupted by ether treatment the intemahRNA core is revealed 
as a long, slender, hollow, filament about 9-10 m/* in diameter. From its 
h«ring-bone appearance it seems that protein capsomeres are combined 
at intervals along the spirab of the RNA. This long strand is coiled 
and t^tly packed witl^ the envelope of the complete virus particle 
(Home&Wildy, 1963). 

VuAiUty . — The influenza virus vrithstands slow drying at room 
t^nperature on articles such as blankets and glass; it has been demcm- 
strated in dust after an interval as long as two we4». When contained 
m aUantoic fluid, or in infected tissues immoBed in glycerol saflne it 
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will survive for seVfcral weeks at refri^rator tempcaratuie. It can be 
preserved for long periods at — 70“ C. and remains viidile indefiiltedy 
after freeze dryii^. 

Exposure to heat for 30 min. at 56“ C. is suffidient to inactivate 
most strains; the few which survive this treatment are kiUed by a 
ninety-minute exposure at the same tonperature. Thoe viraaes are 
also inactivated bv 20 per cent, ether in the cold, phenol, fdrandia in 
a concentration of! in 50(K), salts of heavy metals, detn^ptUits, soaps, 
and many other chemicals. Iodine in the form of vapomroras a solution 
is particularly effective. Propylene glycol vapour is acdve i^ainst the 
virus present in airborne droplets. 

Toxicity . — Influenza virus elementary bodies are toxic to such 
laboratory animals as mice and rabbits. After the intravenous inocula- 
tion of highly purified virus preparations the animals may die in 18-48 
hours with ^tro-intestinal haemorrhages and necrotic lesions in the 
spleen and liver. Immunised animals do not suffer these effects when 
inoculated with the virus intravenously. 

Antigenic Characters . — ^There are three inummologically unrelated 
influenza virus types, A, B and C, and in addition there is the swine 
influenza virus which is related antigenically to t 3 rpe A. Influenza virus 
A has more than 18 different antigenic components which are shared 
by the strains in varying proportions. The antigens composing the 
strain-specific patterns are situated in the mucoprotein at ^ surface 
of the virion. They are distinguished by haema^lutination inhibition 
tests or by a complement-fixation technique developed by Lief and 
Henle (1956), in which they are freed from the soluble antigen by ether 
disintegration of the virus. The soluble complement-fixing antigen, 
which contains the RNA, is common to all strains and is used as the 
antigen in routine serological tests for the influenza A group as a 
whole. 

Antigenic Variation and Immunity. — ^Antigenic variatimi is 
highly ch^cteristic of influenza virus A and the process is one of a con- 
tinuing evolution of new subtypes which replace the older strains fctan 
which they are derived, possibly as a result of the selective actitm tff host 
antibodies. Many different anti^mic patterns emerge by mutation and 
selecdon, some antigens advancing to a dominant posititm and olhm 
receding into the bachgroimd. Strains isolated at ^ beginnii^ iff an 
epidemic usually have an antigenic structure diffm^ appredabfy ton 
that of previous strains. Ihese chaises in die imd^iic mosak oeair 
constant in the course of endemic and ^idonic iiffo^n in mm and 
cm also be induced deliberatdiy in die laboratory. Maymr motadon 
with the emergence of oompletely new dominant andgem is veiy m- 
frequont md has probably only occurred at intern^ cff 30 to 40 
y^. When it happens, the new strrin & hi|^ly infectious and world- 
wide epidemics (ps^enucs) are diought to have been due to the spread 
of what is in effect a new virus in a faifddy sosceptdffe peq^^aticii. The 
disastois iwtukadc of 1918-19 in whii^ ten peof^ d^dtsad 
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the pandemic of Asian iniluenza in 1957-58 were caused by new mutants 
of t^ A virus. 

Major epidemics of influenza involving whole countries or large 
parts of a continent are more frequent events and occur at intervals of 
four or five years. Since 1932, when the first human strain of the 
influenza virus was isolated, characteristic strains from each epidemic 
have been collected and compared, using strain-specific absorbed sera 
in haemagglutination inhibition tests. According to Burnet (1960) 
these virus strains have shown an immunological drift with the succes- 
sive emergence of seven new antigenic patterns. Thus the original 
strain of ^e 1932 epidemic (labelled the WS strain) was replaced in 
1934 by an antigenically different strain which was isolated in Puerto 
Rico (PR8) strain. During the following years the PR8 strain was 
replaced by a succession of new types. In 1946 in Australia another 
new strain known as CAM emerged and proved to be the precursor of 
yet another change in the antigenic make-up of current influenza vi^ses. 
This CAM strain proved to have such slight relationships to previous 
standard strains that it was classified as a subgroup of influenza A and 
designated as A prime (Al) virus. The A1 virus and variants of it 
replaced the A strains and remained dominant throughout the world 
until the Asian virus appeared in 1957. This latter possessed a new 
major antigen and differed so much from the Al strains that it is desig- 
nated A2. Since 1962 the A2 viruses have shown a progressively 
increasing shift in antigenic structure (Pereira et al. 1964). 

The antigenic drift of the influenza virus is reflected in the im- 
munity of the general population. As the individual grows older he 
experiences an increasing number of epidemics of influenza. With each 
infection by a new type of virus he acquires in his serum a new specific 
antibody. Thus in the early years of life the antibody spectrum is 
narrow, but gradually broadens as age increases. The serum of a person 
of mature years will often neutralise any of the known standard viruses 
of previous years, although, of course, that individual will be susceptible 
to infection with the new virus which appears in the next epidemic. It 
is these factors which make it difiicult to produce an efflcient prophy- 
lactic vaccine against influenza. 

Antigenic variation in type B virus occurs in the same manner as in 
type A, but the changes are less pronounced and occur more gradually. 
Type B does not cause the large epidemics that characterise type A; 
typically it is associated with endemic disease and small epidemics in 
institutions. It has, however, been recc^ised as the cause of coimder- 
able localised epidemics involving a whole large dty. T 3 rpe C virus 
appears to exist as a single stable antigenic type. 

P-Q~R Variation . — Influenza viruses may ■rary in the avidity wiA 
which they combine with antibody and are neutralised by it Their 
bdiaviour in haemagglutination inhibition te^ with convalescent ferret 
antisera has led to ^eir classification into P, Q and R phases. P phase 
tdnis has a high avidity for antibody and is inhibited to a high title by 
its homo^ous antiserum only. Q phase virus is poorly neutiflised, 
evm tty its own homologous smun, and R phase virus is inhibited to 
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high titre not only by homologous antiserum but by antisera to heteip- 
logus but related strains. Freshly isolated strains are commonly in the 
p phase, but the Q phase is not infrequently encountered. The identi- 
fication of a strain in the Q phase is difficult using the haema^utination 
inhibition method but is more easily achieved by a neutralisation test 
in monkey kidney tissue cultures using the haemadsorptioQ te^mique 
(Pereira, 1958). 

Type A strains also show considerable differences in tbstt sensitivity 
to non-specific inhibitors such as serum mucopolysaccharides. Hi^y 
sensitive strains have a greater avidity for antibody (P phase) and are 
therefore preferred as antigens in haemagglutination inhibition tests. 

0->Z) Variation . — ^Yet another type of variation on the part of the 
influenza virus occurs in the laboratory soon after its primary isolation. 
Some two to five days after the inocuUtion into the anuiiotic cavity of 
throat washings from a case of influenza the amniotic fluid develops the 
power to agglutinate red blood cells. With rare exceptions the virus 
at this stage can agglutinate guinea-pig or human Group O cells but 
not fowl erythrocytes. If, however, the fluid is passed by the allantoic 
route to another set of embryos the infected fluid of this second passage 
will agglutinate fowl cells to almost or quite the same titre as guinea-pig 
cells. This change in agglutinative power is the result of mutation 
which occurs at a rate of about 1 in 10,000 as the virus grows in the 
allantoic membrane and is referred to as 0->D variation. 

Laboratory Diagnosis. — ^Virus isolation can be carried out by in- 
oculating throat washings or material from throat swabs into the 
amniotic cavity of the developing chick embryo or tissue cultures (p. 394 
and see also Chapter 57). 

Serological tests can be performed with the complement-fixation 
test and the haemagglutination inhibition test (Chapter 54). 

Epidemiology. — ^The influenza virus is disseminated by the patient 
in infected secretions from the nose and mouth, and perhaps, in droplets 
expelled in sneezing. Infection probably occurs by inhalation of 
infected airborne particles; these may be dust particles derived from ffie 
discharged secretions or, possibly, droplet nuclei. 

Patients are probably infectious for a short time before the onset and 
for a few days thereafter. Healthy mrriets occur and may disseminate 
the infection, but it is not known how important a part they play. 

The periodicity of outbreaks of influenza is characteristic, and in 
general there would appear to be a pandemic at roughly forty-year 
intervals with major epidemics of type A infection at about five-year 
intervals; endemic fod of infection wiffi type B may occur ycasiy ai»i 
at three- to six-year intervds moderate epidemics of type B infecdoos 
^ tecognised. The epidemiological picbire is complicated by the 
existence of upper respiratory infections due to offier viruses such as 
the para-influtmza viruses and the sdenpviruses which dso occur in 
epidemic form. Epidemics of virus uffiuenza occur with an abrupt pne 

the incidence cases and a very rapui ^>read ovor an itie^dariy 
uehned rc^km. The course and mctent of an epidemic is oontraifed 
partly by ffie^ture and aiU^ienic novelty of ^ prevailii^ vims and 
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partly by the pre>existii^ inmmne atate of the communily. The cold 
weather in early spring and increased overcrowding are hu:tors wUch 
facilitate the spread of the virus. In major epidemics it has bwn 
possible to trace the virus from point to point dong travel routes and 
to record the advance of the epidemic from place to place and country 
to coimtry. 

The age distribution of influenza shows the highest incidence in 
the i^[e-group 5-15 years, a sharp decline in the 15-20 age>group, a rise 
between the ages of 20 and 30, and thereafter a downward trend to a 
low level in older people. 

Attack rates in epidemic influenza are high and incidence rates of 
20-40 per cent, have often been noted. The disease is rarely fatal, but 
there is a marked feverish reaction with inflammation of the bipnchial 
mucosa. Some cases, however, are complicated by bacterial pneumonia, 
and in these the outcome may be rapidly fatal. The invasion of wirus- 
damaged tissue by Staphylococcus aureus is followed by the formatton of 
multiple abscesses and severe tissue destruction with necrosis qf the 
trachea, bronchi and bronchioles. Fulminating staphylococcal pneu- 
monia is the cause of many influenzal deaths, especially in the elderly. 
Secondary invasion with pneumococci, H. influenzae or haemolytic 
streptococci is also associated with influenzal pneumonia. It was this 
complication which was responsible for the very high mortality in the 
1918-19 pandemic. 

Immunity to influenza is generally believed to be short-lived and in 
experiments with t 5 rpe B virus human volunteers could be reinfected 
with the same strain four months after recovery from this first infection. 
However, epidemiological evidence suggests that immunity to the 
natural infection may last for three to four years (Pickles, Burnet and 
McArthur, 1947). 

Influenza virus type C does not cause epidemics but gives rise to 
widespread subclinical infections. 

Pl^hylazis. — ^As influenza has an incubation period of only one or 
two days, control measures such as isolation and quarantine are scarcely 
applicable. Intensive efforts have been made to develop vaccines to 
protect key personnel such as medical and nursing staffs and public 
service employees. Egg-cultivated vaccines containing formol- 
inactivated strains with or without adjuvants (alum, oil emulsions) have 
been under extensive trial and have yielded results which appear to be 
disappointing. However, there are considerable difficulties in the 
interpre^tion of the results of trials of influenza vaccines because the 
position is blurred by infections with other respiratory viruses. On 
some occasions, as in the case of die Asian strain, it has been possible 
to pr^are a vaccine containing the current strain and to administer 
one or two ^)ses of it before die epidemic reached the communl^. 
such circumstances, the attack rate was reduced to about one-d^d of 
that in control grmips (M.R.C. Report 1958). Polyvalmn vabcines 

prepared from a mixture of strains of types A and B known to contain all 

the major andgmc groupings have b^n used widi good <(^fect. ^ 
fuesent a vaccine containing A2/%ngiqK>re/l/57, A2/£ii^^aiidl/^^> 
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B/EnglBnd/939/S9 and B/Tai/4/62 is used. Provided that a vaooNe 
contains right strains and is given a« the right time it should {trolSet 
50 to 70 per cent, of the recipients. The posribili^ of enhand^ the 
antigenic effect of these vaccines by the use of mineral oil adjuvants is 
under investigation and recently published results ut encouraging. 

Sieme Influenza Virus , — ^This virus is associated with w idd en 
epizootics of acute respiratory disease in pigs. By its^ the vir^ causes 
only mild sysmptoms in the animals, but when combined wiffk infection 
with Haem^Mhu sms it causes a severe disease. During non-epizootic 
periods the virus is maintained in earthworms and lun^orms. The 
sequence of events is that lungworms living in the bronchi of pigs ing^t 
the virus, which then is carried throughout the life cycle of the parasite. 
Larvae from the lungs are coughed up, and swallowed and finaUy reach 
the ground in the faeces excreted by the animal. Here they are ingested 
by earthworms, in which they persist for long periods. When such 
earthworms are eaten by pigs, no ill effects result, but if the animals are 
also given an intramuscular injection of H. sms, or stressed by exposure 
to cold, they develop t 3 rpical swine influenza. 

The swine influenza virus has the general properties of myxoviruses 
and is related antigenically to t 3 q)e A virus. Since swine influenza was 
first noticed as a disease in 1918, when the pandemic of human influenza 
was rife, it has been suggested that both diseases were caused by the 
same agent. Support for this theory is given by the fact that naany 
people of the generation who experienced Ae 1918-19 pandemc still 
possess neutralising antibodies for the swine influenza virus, while those 
born after 1923 have no antibodies for the strain. 

Para-influenza Virusea 

These viruses are associated with febrile respiratory disease early in 
life. They appear to be ubiquitous cauring endemic iiffections ^ou^- 
out the year. The commonest clinical syndrome is fever with mild 
respiratory symptoms and pharnygitis but the viruses are also an 
impor tant cause of croup (acute laryngo-tracheo-bionchitis) and of 
acute tracheitis and bronchiolitis. Repeated infections with tWs group 
of viruses is probably common and antibody surveys indicate tiae 
presence <rf antibodies to para-influenza viruses in a large percentage 
of children by the time they reach school age. 

Para-influenza viruses have many of the gNieral charadmof myxo- 
viruses; for instance, they possess the same neura miiud a se flie 
influenza viruses A and B and are thus able to cause tite i^^hitinati^ of 
mammalian and avian ery^ocytes, and they are alto ether senritive. 
They grow in primary cultures of numkey kidney airi huiy> 
ombryonic, amnion and HeLa cells, but poorly or not at all in the 
embryo. Because they produce only minimal cytc^thic effects likw 
presence is dettoted by the ability ui infected celb to adsorb arythtocyses , 
to their surfoce (baemadsmrpticm). When first iaolatod the vkbsea t^ 
hnown as *%aeauMlMrbing (EA}*’ • 
The viruaef diff» the tnfluenxa vimaei ha sotttduiiiil! 

2c 
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larger size (9(1>1^ ntfi) and in thdu: ability to lyse as well as agglulitatte 
red blood-cells. They share antigens wiidi tiie mun^ and Newcastle 
viruses (Cook et al., 1959) and form with th«n a subgroup of the 
myxoviruses — the “multiform viruses”. 

Myxomrus para-tt^uenzae 1. — ^This group includes the haem- 
adsorption virus type 2, or HA2 virus (Chano<^ et al., 1958) and the 
Sendai virus whi^ is also known as the Japanese haem^glutinatmg 
virus or influenza D. The HA2 virus has been isolated frequently from 
cases of croup in young children, minor re^iratory illness, bronchitis, 
and bronchopneumonia. The ^ndai virus was originally isolated in 
mice from cases of pneumonitis in new-born children but its endemicity 
in stocks of laboratory mice makes it diflicult to assess the si^^cance 
of this finding. Ihe Sendai virus is closely related anti^nicaly to the 
HA2 virus but differs from it in that it multiplies readily in the ^ntoic 
membranes of the chick embryo. The Sendai virus itself ha never 
been isolated in Great Britain. « 

Myxomnts para-influenzae 2, or the croup associated (CA) vilus has 
been isolated from minor respiratory illnesses and bronchopneumonia 
and from cases of croup. It may not, however, be as commonly asso- 
ciated with croup as the para-influenza 1 virus. This virus has no cyto- 
pathic efiect on tissue cultures but is detected by its agglutination of 
chick (and to a lesser extent of human group O) erythroc 3 rtes. Adsorp- 
tion and agglutination occur at 4° C. and the virus elutes rapidly at 37® C. 
Antigenically this virus is related to the mumps virus but not to other 
myxoviruses. It is probably identical with an indigenous monkey myxo- 
virus known as SV5 ; as many as 30 per cent, of some batches of uninoc- 
ulated monkey kidney tissue cultures have been found to carry this virus. 

Myxovirus para-influenzae 3 or haemadsorption type I (HAl) is 
associated, like the foregoing para-influenza viruses, with respiratory 
illnesses and with croup and bronchopneumonia. It has alM been 
found in the nasal secretions of cattle in transit and suffering from a 
respiratory illness known as “shipping fever”. Unlike other para- 
influenza viruses, para-influenza 3 may produce a cytopathic dflect seen 
as giant cell plaques in tissue cultures of human amnion cells growing 
under an agar overlay. 

Myxovirus para-influenzae 4 (M-25 strain) has recently been isolated 
from cases of ^d respiratory illness. It has no cytopatMc effect; does 
not grow in eggs, and is recognised only by the use of the haema^rp- 
tion method. 

Latbondory Dii^oais. — ^Primary isolation of para-influenza viruses 
in die chick embryo may be diflicult or impossible and tisMie culture 
medtods are preferred. Cultures of monkey kidney cells are the 
i»^l for dus purpose but primary human amnion, human caabiyt^^ 
kidney, HeLa, or cells are all sadsfactmy. Ihe cytopathic effect 
P^roduced is oft^ minimal and may be absent; the vhuses are detected 

haencadsoiption or haemagg^dnadon. Si^l(^;ically die dh^^ 
is con&med hy the observation of rising titres rrf antibodfello 
dera using neutralisad^ compleaient'^xtaion, or he«tiuidhiai|^ 
hitemi^^dnadtni inhibidon tests. Beeause of the andgeoks jflutring 
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between these ionises and the mumps virus the result <rf these te^ta 
be difficult to iaterpret Parallel teste dbiould always be carried;^ 
with the mumps S and V an^^eos for ctHuparison. 

Mumps Virus 

Mumps is an acute contagious disease whose most 
characteristic fmture is a large painful swelling of one or b^ parotid 
gland^ The disease is one of great antiquity and was one of the first 
infections to be recognised, for it was accurately desctjlMid by Hippo* 
crates in tl« fif& century B.c. The name is derived from the mumbling 
speech which is the result of die pain on moving the jaws. Usually 
there is a constitutional reaction a^ not infrequently other as 
well as the parotids are involved. 

Properties of the Mumps Virus {Myxovirus parotituUs ). — The siae 
of the elementairy bodies varies from 80 to 240 m^i in diameter (Ghosh 
Ray and Sv^n, 1954). Filaments have not been described. 

Cultivation . — ^The virus grows rather slowly in the amniotic and 
allantoic cavity of the chick embryo. Six to eight day mibryos are used 
and should be incubated for five days at 35® C. After two or dmee 
amniotic passages, most strains can be transferred to the allantoic cavity 
where they adapt themselves and grow very readily. A few strains, 
however, remain incapable of being transferred in this way. When 
inoculated directly into the opening of the parotid duct in monkeys the 
virus causes typical clinical miunps; the parotid glands contain mudi 
virus and emulsions of them can te used as complement-fixing or 
skin testing ant%ens. 

The munqjs virus agglutinates fowl, human and other red blood 
cells, fixes complement in the presence of specific antibody, and eHdts 
a delayed allergic reaction in &e skin of persons who have previou^ 
been infected. Like the Newcastle virus it causes the lysis of erytlun* 
cytes. Infective particles can be concentrated by oentrffigi^on d; 
20,000 r.p.m. for 20 min. but the particles of the oomplement-ffimig 
antigen require 30,000 r.p.m. for 60 min. 

Viability . — Infectivity is rapidly lost at room tonperatme. The 
virus is wdl preserved in skimmed milk at -50° C. or -70 °C.>orifey 
freeze drying. The haemag^lutinin, hamnoly^ and infective 
ties are destroyed by heat at 56° C. for 20 min. The compiemeim-fixHD^ 
and allergic skin antigens vririistand 65° C. for an hour. Expemare to 
{*•2 per cent, fbnnalin at 4° C. fwr 24 hr, and imense uhxa^'vibld 
irradiatioa fear 0*28 sec. destroy infectivity <rf the virus frilhotet 
impairing the haemagghitinin or cos^kamtefixii^ aiU^ini. 
treatment at 4° C. completely destroyrs infectivtty. Tlte vitas Is moM 
stable l^twron pH 5-8 and pH 8*0. 

Antigenic CharocUfs. — ^The mumps virus is a single antigeiuc entity 
distmct from other myxoviruses; it is not to vatudiofi mi. Hem 
are no mariced difierencea between the strains. TlierB ate. .two ,opin- 
Ppapts cd the virus wbi^ are capable of fiamg.ttes^ieaieni dasf ^<nr 
'val antigen and the S or soluble antigen.. .3^ V sni^teiaB sssocadaifi 
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with the vinu dementary body and the S antigen, ^vhkh is anakigsiits 
to die solutde antigen of tite influenza virus, is a smalla: particle ex- 
tracted from cdk in the eatly stages of infection. 

Palhc^feniestB. — ^The incubation period of mumps is one of the 
longest, 18-21 days. The common manifestations are fever with 
unilateral or bilateral parotitis. The virus is excreted in the saliva for 
about three days after the onset and transmission is by the inhdation 
of infected partictes or by fomities contaminated with saliva. PMients 
are thought to be infectious for about three days before the onset and 
to remain so for about six days thereafter. In young children con- 
valescence is uneventful and recovery is complete in about ten days. 
In about 30 per cent, of cases infected with the virus the dbease is 
inapparent. After the virus has been inhaled it multiplies loyally in 
the oropharynx during the incubation period and after an mterval 
reaches the bloodstream to be dissemminated to distant organ. Al- 
though the virus may reach the parotid and submaxillary glafds by 
direct spread from the mouth, infection of the testes, central n|rvoU8 
system, pancreas, thyroid gland, pancreas, and breasts, is almost 
certainly blood-borne. 

In males over the age of 13 years mumps may be complicated by 
orchitis which appears some four to seven days after the onset of 
parotitis. Up to TQ per cent, of male cases are affected. In almost 
every case of mumps there seems to be some involvement of the central 
nervous system with an increase in the lymphocytes in the cerdbro- 
spinal fluid. Occasionally the condition proceeds to a frank meningo- 
encephalitis which presents four to seven days after the onset of paro- 
titis; in these cases the mumps virus can be isolated from the cerebro- 
spinal fluid. Rather uncommonly mumps meningoencephalitis may 
occur without any sign of involvement of the salivary glands and is 
indistinguishable clinically from aseptic meningitis caused by other 
viruses such as those of ^ ECHO and Coxsadde groups. In numy 
cases submaxillary gland involvement is encountered, but pancreatitis, 
oo^dioritis, and thyroiditis are rare complications. Mastitis may occur 
in up to 15 per cent, of females infected. 

l^idemkdogy. — Mumps is world-wide in its distribution, and the 
only reservoir of infection is man. The disease is predominantly one 
of children aged five to fifteen years, but adults vdio have escaped 
infection in duldhood are often attacked. The disease is probably 
tmnMnitted by the same mechanisms as tiiose in respiratory tract 
infections. Epidemics of mumps are not uncommon in young stddiers 
in army camps. Although mumps is one of the common diseases of 
childhood, ft is not apparently as highly infectious as measles. Amongst 
adults the history of a clinicd mumps infection is obtained in about 60 
per cent, of peo^e, udiereas 90 per ^t. have had measles. 

I^dMvatory Diagnosis 

Virus isolation is carried out by inocuktmg saliva or cent^roiq)!^ 
fluid into fertile eggs. Saliva can ^mveniently be oolleeted j^acisg 
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dentalootton-wool rolls ova: the openings of the parotid ducts and leavh^ 
them in the mouth for about twenty^ minutes. The rolls are tlm 
removed and placed in 8a%w>capped vials omtaining Hanks* bn^ced 
salt scdution with added antibiotics. The containers Should be trans- 
ported to the laboratory frozen at - 70° C. in insulated bmces containing 
solid carbon dioxide. On arrival at the laboratory, the saliva is ekplWrim 
from the rolls, added to the transport fluid and ch^ed in the ceflttiluge 
at 2000 r.p.m. for ten minutes. The supernatant is inoculate into tiie 
amniotic cavity of eight ll-day-old diidt embryos; the eggs are then 
incubated for five days at 35° C. The virus may be detected in the 
amniotic fluid by the haemagglutination of fowl red blood cells and its 
final identification is established serologically with specific antiserum in 
complement-fixation or haema^lutination inhibition tests. The 
primary isolation of the virus is sometimes a matter of difficulty 
because saliva may have toxic properties for the chick embryo, and 
because only a small proportion of inoculated eggs show signs of 
infection. 

SeroU^kal Tests . — ^Antibody rises can be detected in paired acute 
and convalescent sera. The complement-fixation test using both 
oluble and viral antigens is recommended. Antibodies to the S 
ntigen develop early and are present in significant amoimts within 
wo or three days of ffie onset of the infection and they may readi their 
leak litre before the appearance of antibody to the V antigen. Anti- 
lodies to the V antigen appear on the eighth or ninth day of the disease, 
each their maximum by the end of a month and thereafter decline very 
slowly (Ghosh Ray and Swain, 1953). Subsequently the anti-S anti- 
bodies disappear relatively rapidly and are seldom detectable nine 
months later. Antibodies to the Y antigen persist for several years at 
very low, barely detectable levels. The haemagglutination-inUbiting 
antibody is similar in its duration to the anti-Y antibody. The skin 
test for mumps is of little practical value in diagnosis because the 
hypersensitive state is not developed until three to four weeks after the 
onset. 

Prophylaxis. — Gamma globulin prepared from mumps cermaksceiU 
mm may be of value in conferring passive immunity to exposed persons 
and if given immediatdy after the onset of parotitis reduces me inci- 
dence of orchitis. Gamma globulin from normal adults contains oifly 
traces of spedfic antibody and has little protective value. 

Vacdnes prepared from e^-grown strains inactivated by formalin 
or ultra-violet light have been used with some success in reducing the 
incidence of mumps in anny camps and in adults exposed to infection. 
Although antibody fonnatkm is stmulated by the owctne, booster doses 

ne^ed after six to nine months to matntain the antibody levd. 
A living attenuated egg-adaptoi stndn of munps has also been i|aed 
^<id is sprayed into the mouth; antitxxfy production reaches the ssms 
proportions as witii the inactivated ysodnn, Ko tifittidd CMSe 
mumps has beat reported as a remit of the use the liye vacftine* 
V^d tifla ftotiiod ia at present on trial far prevention of 
hon. ' - ' f 
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Nrvircftitte l^itease Vinii 

Newcastle disease (a form of fowl pest) is an extremely infections epiaootic 
condition of domestic poultry. Fowls, turkeys, pheasants, guinea-fowl as 
well as many other avian species are affected. Cormorants may suffer in- 
api^nt infections and act as a source of infection for poultry in coastal 
re^ons. The disease has a world-wide distribution and constitutes a major 
•economic hazard. In Europe the infection is characterised by hyperpyrexia, 
severe diarrhoea, and a thick mucopurulent nasal discharge. The incubation 
period is three to ten days. The mortality rate is 90-95 per cent. In America 
the disease is milder, having a mortality of 5-50 per cent., in which signs of 
tremor, incoordination and wi:^ and leg paralysis predominate. 

The disease can be transmitted experimentally to susceptible poultry by 
the inoculation of discharges from infected animds and also with ilood and 
tissues, spleen and bone-marrow. \ 

The Newcastle virus which causes this disease has been named l^xovtm 
mtdtiforme. The elementary body is roughly spherical with a diametei 
varying from 80 to 200 m/i (average 115 m/i). Filamentous forms occur, but 
are found only infrequently. The strains grow readily in the fertife hen’s 
egg and kill the embryo with haemorrhagic lesions in 48 hours. In HeLa 
cell monolayer tissue cultures they produce a characteristic cytopathic effect 
with syncytium formation. The virus agglutinates red blood cells from fowls 
and a variety of mammalian species and elutes from them rather rapidly 
and often incompletely at room temperature; in high concentrations it has 
marked powers of haemolysis. The virus is immunologically distinct from 
other myxoviruses, although there are minor relationsUps between it and 
the mumps, Sendai and para-iniiuenza viruses in complement-fixation 
tests. AJl strains are closely similar to each other in antigenic structure and 
there is little or no tendency to variation. Laboratory diagnosis may be 
accomplished by isolation of the virus in fertile hen’s eggs and also by 
demonstration of specific antibodies in the blood by means of a haemag* 
glutination inhibition test. 

Occasionally the Newcastle disease virus causes inflammation of the 
conjunctiva in man due to an accidental infection in the laboratory or during 
the handling of infected birds. There is a severe conjunctivitis which may be 
accompanied by a painful swelling of the pre-auricular gland and, more 
rarely, by a severe generalised influenzal type of illness. 

A vaedne containing a living attenuated egg-adapted strain of foe New- 
castle virus has been developed for poultry flocks and is given by intr^asri 
instQlation. In England, however, a jS propriolactone-inactivated vaccine is 
now in general use. 

Fowl Plague Virus 

This is a highly contagious infection of chickens, turkeys, pheasants and 
some wild birc& The d^ease is rapidly fetal; and nearly 99 pet cent d 
infected birds die within 24-36 hours of foe onset. The incubation period 
is three to five days. A mucopurulent nasal discharge and oedema of the 
head and nedc are foe usual signs and at aut^y so^ peted^ haemor- 
rhages are present in the serous membranes^ There is histologic^ evidence 
of a diffuse encephalitis. ^ , 

Properties of the Fowl Plague Virus {Myxomrus 
foe elementary bodies varies from 80-120 nfo and filamentous forms wnicn 
jtmy })eup to6/i4mlengfo, arecommmL Tne virus grows leadily in 
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tissues of the hen’s egg and kills the embryo in dwut 36 facniiis. 

Intranuckw leu^ prtdiably iodusions, have been described in du 
The vims is readily adsorbed to fowl red bipod cells and causes dteir ara^tin* 
adon. The virus shares the group complement-fo^ antigen of the infiiunza 
A virus. Minor serological differences between strains Ime been foui^ in 
haenu^lutination-inhibition tests. The blood of infetted ^ds contains t^ 
virus in high concentrations and can be used to transfer foe ibfe^lidia cxr 
perimentally. 

Respiratory Syncytial Virus 

The respiratory syncytial virus was originally isolated from a cold- 
like ilbess in a colony of captive chimpanzees and was known for a 
time as the chimapnzees coryza associated (CCA) virus. It was how- 
ever soon realised that it was also associated with human infection 
especially in young children. 

Properties of the Virus . — The virions are 90-120 mp, in diameter 
and resemble the myxoviruses morphologically. There is a central 
coiled filament enclosed by an outer membrane. Since 5-fluoro-uracil 
inhibits the growtii of the virus it probably has RNA as its nucldc add. 
There has been no report of haemagglutination or haemadsorption 
activity by the virus. 

Cidtimiion . — ^The virus does not grow in the chick embryo and it 
has no effect on mice, guinea-pigs, or rabbits. It grows rather slowly in 
continuous lines of human cancer cells such as H£p2, KB, HeLa, and 
also the Chai^ liver cells, but not so readily in primary Iddney tissue 
cultures. One satisfactory method for the cultivation of the virus is to 
use monolayers of HEp2 cells grown in medium 199 with 10 per cent, 
calf serum added; when ready for inoculation the monolayers are gentiy 
washed with medium 199 to rinse away the calf serum; for a main- 
tenance medium during virus growth medium 199 is supplemented 
with 5 per cent chicken serum. The sodium bicarbonate content is 
increas^ by adding 4 per cent of the stodc 1-4 per cent sodium 
bicarbonate solution; incubation is at 36° C. 

The virus grows in the cytoplasm of the host cells where it may 
produce small eosinophilic indusions. It produces an (fodmia <yto- 
I^thic effect which bt^mes apparent three to seven days aftor inooda- 
tion wifo foe occurrence of ^ant celis and syncytia. lnfectii% titees 
are usually low and are seldom above 10'^. Plaqtm are finrwd in 
HEp2 monolayers. 

Tto^'ty.— Tl» virus survives quidt &eedng at -70° C. but at 
^gher temperatures its infectivity may rapidly be lost. Specnoensai^ 
aa ^oat swabs fomild not be r^gerat^ but should 1^ tieatod 
antibiotics and intrtxluced into witwle tisstw cultures wifo a mafonid 
^elay. nie virus is destioyed at pH 3‘0. 

Antigemc Characters,— A. complement fixing ant^en is {nodtioed 
is contained in a partide smaller foan foe virum itself. Conqder 
ment-fixation and neutralnoc^ tests can be used he foafpuaaticjm^X)^ 

P«fltogeaeaii.--’nre virus guises odds Mtd minor 
b'act iiffiectioiis wifo coufo in adnld but in dulfogi g^iegdO^ in«i^^ 
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aged 6-12 montiia the lower r^iratory tract ia <^ten invidved and 
bronchitis, bronchoiids and Immciu^nfHinMHua occur (Holaei at a/., 
1963). Young chddmt is^ed one to two years may su8^ from croup, 
‘‘virus pneumonia” or from mild cold-like illheases. 

Epraemiology. — Infection with the respiratory syncytial virus 
mpears to be common in the population of this country and Hambling 
(1964) has found that 66 per cent, of all persons over the age of five years 
possess both complement fixing and neutralising antibodies in the 
serum and that over die age of 15 years 93 per cent, have neutralising 
antibodies. The lowest inddence of antibodies was in the age group 
six months to one year. Yoimg diildren under the age of seven months 
seem to show a relatively poor serological response after infection; 
some 20 per cent, develop a rising titre of complement fixing antibodies 
and 45 per cent, neutralising antibodies. It is a characteristicW this 
virus that it causes localised fod of infection which may be limiteqto one 
particular area or community. Infection occurs for brief periodslin the 
winter months with long intervals between the outbreaks. 

THE MEASLES, CANINE DISTEMPER, RINDERPEST TRIAD 

These three viruses are grouped together because of dmilarities in 
a number of their properties. Morphologically they have the helical 
symmetry and general appearances of the para-infiuenza vinises and 
are likely to be classified as members of Waterson’s second group of 
myxoviruses. (see p. 393) In their pathogenidty they are characteiised 
by a sharp g^eralised illness with a viraemic phase and the complica- 
tions of bronchopneumonia and encephalitis. There is a considerable 
volume of evidence that the three viruses share some conunon anfigoiic 
material in varying proportions. 

MEASLES 

Measles is probably the most infectious of all the conunon fevers. 
The clinical diagnosis of the disease is usually not a difficult nutter 
because a characteristic macular rash develops after a prodromal pmod 
of fever with catarrhal symptonu, conjunctivitis and the appearance of 
Koplik’s spots on the buccal mucosa. The incubation period is 10-14 
da 3 n and the radi often appears 14 da 3 rs after exposure. 

JPrepertm of the Virus. — ^The diameter 4>f the virus in filtration 
expmments is 140 rafi. The central cose is composed of helioes 16 
mjtt in diameter with subunits arranged with a 4-5 m/ti periodid^. 
lire virion is covered by an outer membrane on which thoie jne radislly 
disposed projections. The nudeic add o& this virus is prdubly RNA 
bemuse gronth is mhibited by 5-fluoro«uraciL In fiiese respects the 
measles virus resembles tihe para-inffiienza and re^katory fjmeytial 
viruses. 

CuUmOkm . — ^llie virus cm be isolated from the blood of thtost 
washii^ (d a psfient during the first 24 homa afrer the oosetm 
For this purpose |»imary cultures oi human amnion or chennon oeUa|Or 
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a continuiuis line of amnion cdb pfovide the most mihahle 
tissue cidture cells. Monkey kidney cells are leas salis£sotory. * 

Once estaUished in tissue culturm, the mei^es idrus will grow tn a 
wide range of primate tissue culturm. Human kidney (djtsined at 
operation or at autopsy and human embryonic lur^ or kidney all provide 
highly susc^dble cws. The virus sdso grows in conotinuotia of 
cells derived from human normal tissues such as heart, kidn^, 
and bone marrow, as well as in lines oi cardnoma cells sud^ as I&La, 
kb, and H£p2. Monolayer cultures of dog, ami bovine kidney are 
also susceptible. In monolayers of monkey kickney cdyb and of some 
strains of HeLa cells small plaques are produced. 

The cytopathic effect of the measles virus is characteristic, with the 
formation of large multinucleate giant cells and syncytial masses in 
which many vacuoles give a lacework appearance. After ccmtinued 
passage of the virus in human amnion cells the nature of the cytopathic 
effect alters, and in addition to giant cells, increasing numbers of re- 
fractile stellate cells appear. Variation of the constituents of the culture 
medium may modify the cytopathic lesions. With glutamme defidency, 
for example, more giant cells are formed, but when t^ glutamine is 
restored Ae number of giant cells is diminished and the appearance oi 
the cytopathic effect is delayed, while the virus yield is increased. The 
most constant feature of cells infected with measles virus is the late 
appearance of Cowdry t 3 rpe A eosinophilic intranudear inclusions (see 
p. 71). Multiple intra-c^oplasmic inclusions also occur. Grown in 
monolayers of patas moi^ey kidney cells the virus produces countable 
micro-plaques. 

Measles can be reproduced in rhesus monkeys by the parenteral 
inoculation of blood or catarrhal secretions from patients or infected 
tissue culture fluids. The disease is usually mild and alx>ut ono-third 
of the inoculated animals develop fever, conjunctivitis and a marailar 
rash. Many monkeys imported for experimental use harbour a virus, 
the Monkey-Intra-Nudear Inclusion Ag^t (MINIAX which is in- 
distinguishable from die measles virus. This infection is usually in- 
apparent and is acquired soon after the animals are cqitured. These 
ciroimstances make the majority of mimkeys unreliable as experanentd 
ammals for measles and t^ presence of MINIA in cultures of thdit 
kidney cdls may give rise to considerable difficulties. No mammali 
other dian monkeys lutve been infected successfully with the meadcis 
virus. Some strains of the virus have been adapt^ to die anutiotifi 
cavity or dicniollantoic membrane of the diidc oidiryo after dMab 
primary istflation in tissue culture. 

VitAUity, — ^The virus survives over two weeks at 4^ C or 22** C, 
^d for many months in die frozoi state in die temperstiue rsnpe 
to -79° C. Freeze drying preserve the vims weU, dunag^ wm stlpao 
loss of infrotivi^. Formaldehyde in a oonoentistion of OmStnroeah 
at 37° C. for four dajn brings about compkMbe foes 
iteration of the cogqifomeat*fixii^ aedri^. tW. «hwi fo;Ofhwr 
tonsitive., Bdbw 4*5 dbe vims fo insctifsviied bwt fr fo isii^ 
toeiangepHI'S^lfor 3hours«tO'’CL - ^ v, i. 
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Hama^bameOion. — OjncmtrMBd pr^arations of the mea^ virus 
agglutinate liieMis n»Hikey red blood oella at 37° C. haems^> 
g^utinin do» not dute spontaneously and is not related to the n^ira- 
nunadase of tbe myxovirusea. Haemagglutination^idubiticm may be 
used as a method for the estimation of serum antibodies. 

AtOigemc Ckeraciers, — ^Meades virus strains are unifoiin antigenic- 
ally. A complement-fixing antigen is present in infected tissue culture 
fluids; it can be separated from elementary bodies by centrifugation 
and has a particle size of 7-13 m/i. 

The measles virus is related antigenically to the virus of canine 
distemper. It is neutralised specifically by the serum of ferrets re- 
covered from distemper, but not by normal ferret serum. Q^versely, 
ferrets immunised by the measles virus are partially protected when 
challenged with distemper virus. \ 

Pathograesis. — Young children in the prodromal phase, when the 
catarrhal symptoms are prominent, are the main source of the pieasles 
virus. They discharge infected particles which are inhaled by llhe new 
victim and the virus reaches the respiratory tract, where it grows silendy 
for some days in lymphoid tissue. When multiplication continued 
to the point when many infected cells break open, the virus floods into 
the circulation and causes the prodromal illness. During dhe following 
two or three days the virus is localised in the skin and there produces 
the rash. This viraemia is quenched when antibodies appear in the 
blood. 

It is of interest that multinucleate giant cells (Warthin-Fihkeldy 
cells) similar to those occurring in tissue cultures can be found in the 
organs of persons who have died during an attack of measles. It is 
probable that the giant cells begin to be formed about seven days before 
the appearance of the rash. 

Measles is most infecdous in the two or three days before the 
appearance of the rash; thereafter infectivity rapidly wanes and after 
a few days is lost. 

E^detniology. — ^Measles is endemic throughout most countries of 
the worid. The disease has a characteristic tendency to epidemidty 
every second year so that in Great Britain and North. America there are 
“measles years” vriiich alternate with years in which only a few cases 
are encountered. 

The greatest incidence in measles is in die ^ group 1-5 years, and 
by the age of 20 years 90 per cent, of pt^ns have had an atonk of the 
disease. After the first six months of life passively acquired maternal 
immuni^ dis^pears and susceptibility is universal. Only idtmit 1 per 
cent, oi these susceptible fail to contract measles on dieir fitst dose 
contact with it. Altihough measle is usually benign in youi^ children 
it nu^ cause severe m even fatal illnesses in infants under Bge d 
one yeu* or in dderly pec^ile. Secondary invasbn with su^ paflu^moic 
bacteria as haemclytto streptococci, s^hylocood and M. 
cause the complications of braadiopnemnonm or otitis nmdia. : Another 
OMinnn compl^tiaai of measles is oic^halomy^tis devdofHpg (WQ tn 
six days after die rash; the featuns <d condition may rmoplile dtsse 
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of aseptic menin^tis but there is an avefage case fetality of 15 per tdsot, 
Encephalitis occurs in about 1 in 1000 cases of measles, is comnsoNlI# ih 
girls than bo 3 rs, and is more frequent in the 5—9 years age-group tfew in 
younger children. Miller (1964) gives an analysis of the frequency 
the complications in measles. 

When measles is introduced into an area where previoudiy it Wiu 
not ^demic, a sweeping epidemic of great severity follows amooist'a 
virgin population of highly susceptible persons. In these chKaunctaitoes 
there is a high incidence of complications and the case mortality is 
increased. Epidemics of this type have occurred in isolated communitieB, 
especially on islands ; one particularly severe outbreak occurred in Green- 
land in 1951. When the infection was first introduced into the Fiji 
Islands in 1875, it carried off 20-25 per cent, of the entire population. 

Laboratory Diagnosis 

The simplest method is to stain smears of the nasal secretions by 
Giemsa’s method and to search for the t 3 rpical giant cells. The virus can 
be isolated from throat swabs or wasWngs taken during the 48 hr. 
before and after the onset of the rash. It 1^ also been recovered from 
the blood, and urine in the prodomal period. After antibiotic treatment 
the materials are inoculated into grown monolayers of monkey kidney or 
human kidney cells. The cj^opathic effect and giant cell formation may 
begin to appear after 48-72 hr. but not infrequently is not detected 
for as long as 10-1 6 days. Subsequently the virus may be propagated in 
primary human amnion or HEp2 cells with greater yields. 

Serum antibodies appear a few days after the onset of the rash, 
reach a peak about 10 days later and decline slowly thereafter, but a 
detectable level remains indefinitely. Antibodies are most convmiiently 
estimated by the complement-fixation method but neutralisation and 
haemagglutination-inhibition techniques can also be employed. 

Prophylaxis. — ^Measles is so infectious and susceptibility to it so 
high that there is no point in isolating cases to stop the spread of the 
infection in the population. Hospital patients with measles, however, 
should be isolated to protect them from the risk of cross-infectksi with 
pathogenic bacteria, and to stop the spread of infection to patients ill 
with other diseases. 

Pusswe mmadty can be conferred on contacts by the subeutaneenn 
inoculation of convalescent or adult serum, or gamma globuHn pr e pared 
them. The protective effect is complete if an adequate dose is 
given within five days of exposure; after t^ time the disease may not 

prevented, but its severi^ is usually modified and the risk of ooaaidi- 
cations reduced. The use of gamma glotndin pr^uured from pooled 
normal adult sera is effective ; the dose is 1 5 mg. per pound boi% 

Facomer.---Two types have been suti^ted to txmtatiUed ft '1^ 

first contains virus gnrnn in tissue culture and taaOtivatod 
even after a aeries of three aidmutaneous w toCwte ti ons cmimit^piaie 
potent tt itot seikimt to give lys {Htitemi^ TIk eeetmd^t^ oijia^ 
^fiahvisgiiiaaaieavirwatmtiuatedbynMxohi^^ A 
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single subcutaneous ii^ection of dais vscek«^stianili^ dae proiftucdan 
of specific antibodies ra 97*5 per cent, of recifHirats Mid comers si ^ 
measure of protection. IMs vaccine however sudors from ^ :di8- 
advantage that a :^th to a third of the redpients devek^ a genn^Ssed 
feverish reaction lasting about 48 hours and 11 per cent, of the children 
develop a rash. Neither vaccine has yet been approved for general 
use. , 


Canine Distemper 

Distemper is a huhly infectious disease which causes more deaths and 
permanent disability in young dogs than anjr other infection. j 

Properties of the virus . — The diameter is 115-160 xap. In natively 
stained preparations helices 15-17 TOfi in diameter form the core Wd the 
general appmances are the same as those of the measles virus. \ 

Cultivation . — The virus can be isolated from the blood and .dischi|rges of 
infected animals during the acute phase and can also be recovered frbm the 
urine and faeces. It is present in the lungs of fatal cases in large adilounts 
and also in the spleen, liver, brain and other tissues. For primary , irolation 
the materials are inoctdated on to monolayers of dog or ferret kidney cells in 
which a cytopathic effect with giant cells and 8 ync 3 mum formation occurs. 
Intra-cytoplasmic but not intra-nuclear inclusions are formed. 

The disease can be transmitted with filtrates of infected materials to 
dogs, and ferrets which are highly susceptible. The virus has been adapted 
to grow in suckling mice and suckling hamsters. 

Some strains of the distemper virus have been adapted to growth in the 
duck embryo dther in the yolk-sac or on the chorio-allantoic membrane 
where gre^h vdiite lesions are produced. 

VianUty . — ^The virus is reasonably Mable at room temperature but above 
32° C it n^dly loses its infectivity. It survives for months at — 10° C. and 
indefinitdy at —76° C. or after freeze drying. The virus is effier seiwtive 
and is inactivated by 0*1 per cent formaldehyde in a few hours. 

Antigenie Characters . — ^Antibodies to the distemper virus can be dfflaoon* 
strated by neutralisation teats in tissue cultures and ^;gs, b^ complement- 
fixation and by predpitation in agar gd. The serum of patients recovered 
ftom measles has antibodies to the distemper virus and that of dogs recovered 
from distemper has antibodies for the measles virus. Cross immunity against 
the heterologous virus however is often only partial and in some instanos, 
e.g. with egg propogated viruses, may be of nunor degree or laddng. 

PaOugenesis . — ^After an incubation period of four days tiie emmncffl 
manifestations are fever, coryza and mucopurulent disduuges from the eyes 
and nose. Brondx^neumonia is a frequent coaqiUcation and infismmation 
eff the gastric and intestinal mucosa is not unemnmon. in tiurir psftikcfenesis 
th^ are many resemblances betweoi canine distenqier and meaito. Qthei 
a nnuals such as ferrets, silver foxes and mink together with widves Mid soiM 
Hnall rodorts m also susceptible to distemper. 

The virus is present in the blood and diadunges of tnfocfod aidmab 
duimg the acute phase and has also been recovered from tie toii^ tiod 
fudes. Tlie tffsease can be transmitted with filtrates of these materials^ to 
ind feneta by atfoentaneous inoculation. In the fnret the iiunbatson 
pMiod ia nine to <^en days. Intrs-c]rtofd8ainic eodamdiffic induHoos ate 
duran^eriatically present; toey are found priodpdly in me cdla et 

Ihs i49hr«foiy trad Mid iIm ' mihMeofthehlB<)d«’< 
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rti^ can, however, be firand in many otlier aituatioaa. Intnk«itaclei|Hr 
inclunona may alao be preaent. 

Active immoniaatkm of doga can be carried out vrith a vaccine 
I Uv^ attenuated strain of ^ distemper virus cultivated in eggs. 1%ia 
iraccine to^ a large extmit replaced other methoik of imnumiaatioli in 
nrhich living virus was combined with a protective dose of hvDer*iiiuinioe 
serum or wra ^ prm^ use of a killed vaccine. 

Hard pad disease in its initial sts^es is indistinguiBhable from 
There is fever, conjunctivitis and diarrhoea, followed by a paiaAd h^r> 
keratosis of the pads of the feet and the nose. Later, nervipus symptoms 
ippear, followed by convuluoiu, and death occurs four to ibt weeks after the 
inset l^e conditron is due to a virus which is closely related to the distemper 
rirus, being infective to ferrets after an incubation period of 23 di^ (cf. 
distemper). 

Rinderpest 

Rinderpest or cattle pli^e is an acute and highly infectious disease, 
especially of cattle, but also of all ruminants and swine. 

Properties of the virus. — Morphologically tiie virus resembles the meaties 
virus but is more pleomorphic with diameters ranging hcom 120 to 300 tskp,. 
There is an internal heUx 17*5 mfi in diameter and a covering membrane. 

CultivatioH. — ^The virus can be cultivated in tissue culture monedayers of 
the kidneys or testes of calf, sheep, pig and hamster. Multinudeate syn c ytial 
masses are formed containing Cow^ type B inclusions in the nu^ and in 
the cytoplasm. Some strains have been adapted to grow in the yolk sac or 
the chorio-allantoic membrane of the diicx embryo. Stains have been 
adapted to grow in goats and rabbits for vaccine production. 

VudnUty. — ^The virus in dried secretions outeide the body does not survive 
more than 48 hr. and is easily inactivated by heat, ultra-violet h^t, 
putrefactive changes and the usual disinfectants of whi^ strong alkalis are 
the best. The virus in lymph nodes and spleen survives well at — 17° C. 
to -20° C. and is present indefimtely by neeze drying. For preservxtimt 
the optimum is pH 7*0. The virus is ether sensitive. 

Antigenic Chearacters. — ^AitiigenicaUy the virus is stable and time ate no 
confirmed reports to suggest a multiplicity of typm. Antibodies to rinderpest 
can be demonstrated by neutralisatron tests in tissue cultures or susoepvfade 
animals. Agar-gel diffusion methods show that the virus in infective tisane 
has two antigen^ one heat labile and the other heat stable. Ulis metiiod is 
useful for detecting the presence of the virus in infected tissues— «.g. fymph 
nodes. Sera from rindeipeat infected animals neutralise the dtstempor virus 
ui dogs and have tome power to neutrdise the meaales viraa in tissue oihurea. 
1 he dhtemper virus tm confer some immunity against rinderpest in cisttie 
and during raeasiea, antibodies active against lietimpest virus mxf 
devdop. 

FatAtgenutt.— -Rinderpert is chsractmised by fever^ severe luMmcrndhigie 
^tarrh from the mucous raembnuus of tire nose and eym, and by a fiCQilaaB 
<wrhoea followed weakness and mchaustitm. The inettimtion petied is 
t vee to eight days and the a&cted animals U8ua% <Ue faur to seven diy* after 
we onset. Oedema, laenmirhagic ulceration of tim intestine, udth IntisilmBiai- 
hon of the Beyer’s patches are characteristic post-mortem findioglk Ftieu- 
luonia is found in many cases. Csitie, gssli, tibeep, and vu&sg apeciM 
w wdd game suliite the natural infeetkm. Rflsuttepamagerrfstraiwn^ 
grow in laboratory attimidB audr aa the rabmtdr guiiie»>flb 
embryo, may iwMdt in the mmgmm of a mutatit whh eniiiwnad vto ltitipt 
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for the new host but with viruleiice for ca^e* Vaccine strains 

have been developed in this wajr. 

Epidemiology . — ^Ruulcrpest is endemic in all parts of Asia and Africa 
(^uth Africa is now free) and is the cause of much economic loss. IQie 
disease is spread by direct contact between infected and susceptible animals. 
The exact route of transfer of tiie infection is not established^ but is thought 
to be through contaminated food and drinking wat^. Biting arthropods 
have not been incriminated as vectors. 

Rinderpest is enzootic in many parts of Africa and Asia^ and there is 
always a risk that the infection may be conveyed to new areas. The move- 
ment of herds and the importation of beasts from distant endemic areas has 
often introduced the virus into a susceptible animal community with the 
result that a devastating epizootic has broken out. 

Control . — The disease has been excluded from Great Britain, most of 
Europe, and from North and South America by a rigid embargd on the 
importation of animals or meat from endemic areas. In countriel where 
rinderpest is endemic, the principal means of control is prophylactic ^ccina- 
tion. ' \\ 

Several vaccines containing live attentuated strains of the rinderpe^ virus 
have been developed and their use is rapidly followed by an effective im- 
munity which lasts from one to two years. These vaccines have been prepared 
from goat-adapted rabbit-adapted, and egg-adapted virus strains. A vaccine 
containing live virus propagated in tissue culture is at present on trial. 

Live vaccines have the advantage that they rapidly induce resistance by 
virtue of the interference phenomenon and they have been effective in the 
field in checking an outbreak. Care, however, is needed in selecting the type 
of vaccine to be used because some of the strains are of sufficient virulence to 
cause severe reactions and some mortality in certain breeds of cattle. Milder 
strains, on the other hand, may induce only a short-lived immunity. The 
goat-adapted (caprinised) virus should not be used on stocks of European 
cattle, which are usually highly susceptible to rinderpest. It is used success- 
fully on indigenous caMe in Africa and confers an immunity lasting four to 
six years. The rabbit-adapted (lapinised) virus is less virulent and is used 
throughout Africa and Asia; the immunity given lasts about two years. The 
egg-c^tivated virus has not been extensively used. Calves bom of immune 
da^ lack rinderp^ antibodies at birth but recrive them in colostrum in the 
first few hours of life. The calf retains this immunity for several months and 
cannot be actively immunised satisfactorily until the age of eight months. 

LiAoratory Diagnosis . — A rapid post-mortem diagnosis of rinderpest can 
be made by placing a small fri^ent of infected tissue {e.g. lymph gland) 
and spacific antiserum in adjacent cells in an agar-gel diffusion plate side by 
side^with known positive and negative controls. Lines of precq^itation form 
within a few hours at room temperature and^idbe specific anti|[en of the 
rinderpest virus can be identified with certainty. The virus is iscdated by 
the inoculation dP tissue cultures or suspectible cattie with suspensions of 
infected tissue. It can be identified in complement-fixation and agar gel 
diffurion tests and in neutralisation tests in which immune rabbits or cattle 
are dudfienged with the freshly isolated strain. 


Al^BNOVmUSES 

derive ffieir name fxtm the fad: that tjh^ ^ 
igc&tM Itm of adenoid ti88ite4mnoved 
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in tjssae odture. lliey are abk to £ve ill bo& toiaalbf 
tissue in a lat^ or maslDed form unthout my appar^it harm to 
individual. In o&er situadons, however, adeiumniaes cause a ^wkk 
varied oi finical ff^ndromm including coryza, pharyngitis, sporadic or 
end^nic acute respiratxiry tract hifecdons, pneumoiua, acute cotsy^tuki' 
tivitis, and epidemic IkratO'^njunctivitis. The adenovirus, group cmi*' 
sists of 28 human, 11 simian, and 2 bovine serotypes as.weK as the 
canine hepatitis virus, a murine adenovirus, and an avian adenovirus 
GAL (Pereira et al., 1963). 

Properties of the viruses . — ^Thc elementary bodies are roug^y 
spherical and approximately 60-85 mu in diameter. When seen in 
electron microscopical preparations stained by unmyl acetate they have 
a hexagonal outline and a central electron dense mass. The external 
structure of the virus particle has been studied by a negative staining 
technique in which the virus is treated with phosphotungstic acid and 
sprayed on to electron microscope grids (Home & Wildy, 1963). By 
this method the capsids are seen to have cubical symmetry and are 
revealed as r^;ular icosdiedra each with 252 spherical surface subunUs 
7 m/Lt in diameter (Fig. 24). There is no pericapsidal membrane. Whhm 
the capsid ihere is a DNA core. 



Fio. 24 

Diagnm to ahow the icoaohedral structure of an adenovirus and die aur&oe cnUo* 
■neres. (l{ome, R. W., 1963). Rq^rinted with jMrmission. Copyiii^ ® 1963 hy 
Seient^ American, Inc. idl rights reserved. ^ 


CuftfoatjeHs.— All the adenoviruses can be cidtivated with « 
pathic effect in tissue cultures. Himcum drains gmw most abbudiaify 
in continuous lines of hunuui mal^nant cdls sudi as HBp2, HeLl hr 
KB, or in primary cultures of human ams^n, while simian str ai ns 
grow best in mor^ kidney cells. Strains of either ot^i can be 
adapted to grow in heterologous cells m tissue cidtoe; shbod^ «o 
primary isolation the cytopathic effect nay be tpiite obvious, npmMyl 
passages vrith large inocula may be reqmred to estaitdish a hams^itaaim 
in monkey kidney cells or vice versa. Mogt strains caa'idso beii 
to grow in rtUttit or pig Iddney cdb in bovine 
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The of soioeptibte tiasoe eukure host ceM variea lor (kiSei»at 
t 3 rpes of adenoviruses and dthou^ types 1 to 9 are readily prop^ted 
in HeLa ceUs, types 10, 12, 13, 15 and 17 require sev«al aerial passages 
with large inoem before ^ey can be obtained in reasonable 
Inhifaators of die growdi of adenovinmes are wntedmes present in the 
<»lf, ox or horse serum commonly used as an ingredient of the tissue 
culture medium. For woth with adenoviruses, ^MO per cent human 
serum in Eaiie’s balanced salt solution is recommend^ as the growth 
medium for the host cells. Before inoculation, this medium shmdd be 
renmved and the monolayers should be washed three times vtith 
balanced salt solution to remove antibodies. The cells may then be 
maintained with medium 199 containii^ up to 7*5 per centi dbicken 
serum. \ 

Adenoviruses produce both early and late cytopathic effecn. The 
eariy effect is visible within a few houm of inoculation and is due to a 
soluble protein (the P component of antigen B) which' hasp toxic 
action on the cells and is separable from the viruses themselvesi; This 
is not a progressive change and it can be neutralised by immune 
sera. 

Late cytopathic effects are of two t 3 rpes. The first is given by 
serot 3 q>es 1, 2, 5 and 6 and is the clumping of the cells into grape-like 
clusters. The changes develop over a period of several days and are 
progressive and irreversible. The infected cells are refractile, rounded 
off and granular in appearance; bridges of more normal cells link the 
infected nuclei. The infected ceUs can usually be stained with neutral 
red and are therefore still viable. Acidophilic inclusions are seen, and 
later nudear enlargement with the formation of large irregular intra- 
nuclear inclusions develops. The second effect is given by Types 3, 
4 and 7 viruses which are more constantly associated with disease than 
the first group. These viruses have a shorter growth cycle and often 
within 48 hours produce a marked cytopathic effect with the formation 
of large basophilic intranudear indusions 3-7 n in diameter which are 
Feulgen positive and are rosette shaped vrith a honeycombed apf^- 
ance. Treatment with deoxyribonudease destroys the Feulgen positive 
characteristic and indicates the DNA content of the advenoviruses. 
These indusions are crystalline in nature and under tite electron 
microscope are seen to be composed of virions arrai^^ed in a cubic 
boffy-centred lattice. 

t p Gromih Cycle . — ^The virus is absorbed Slowly by the cdl bdorc it 
b^^ins to multiply in the nudeus. - Thus with type 5 there is * latent 
period of 12 hours durii^ whidi the virus goes into an edif»e ph^* 
This is followed by a period of raffid increase which lads smite eight 
hduts and thereaftm muhipHcation proceeds at a dower rate for ovd 
ffurty hours. Liberation ^ the virus frtnn the host odl is slow and 
incomplete: only about 6 per cent, of the virus is released i^ntimeousfy- 
7]^ mte of viral multiplication varim fmr the diSereat types of adoi^ 
viruses; types 3, 4 and 7 have a shortar growth (tyde tinm type* *> 
2,5andfi. ; v . 

Viability . — Adenoviruses are mcoe stdile than the nqrawruses- 
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Th^ reauin viable a£Cer 7 days at 36° C., 14 days at loom temperature 
(22°— 23° C.), and 70 days at 4° C. They are totally inactivated by 
two and a half to five min. at 56° C. They are not activated by ether 
and are stable within the pH range from 6 to 9*5, ihou^ at pH 3 
and pH 10 or above partial but not always complete lose of infe^vity 

results. ‘ 

Anttgenk Charactert. — ^The 28 establidted human serotypes and the 
types affecting animals are distinguished by neutaralisatioa tests per* 
formed with rabbit antisera. Sero-types 16 and 25 cross-reset nuurkedly 
and types 3, 7 and 14 are also related antigenically. Cross reacting types 
can be distinguished by haemagglutination inhibition tests {vide ii^a) 
although this technique reveals a relationship betwem types 10 and 19. 
Type 7 strains have been divided into 7 and 7a. 

All strains possess a common soluble antigen which fixes comple- 
ment. The antigenic composition of the adenoviruses can be studied 
with agar gel diii^ion and chromatography methods and Pereira (I960) 
has shown that three antigens, A, B and C, can be separated. Antigen A 
is the group specific component a plus DNA; antigen C is tiie type 
specific component y plus DNA; and antigen B is a complex of a tr 3 rpsin 
sensitive jS component with y {vide st^a). 

Haemagglutination . — ^Nearly all adenoviruses agglutinate the red 
blood cells of one. or other of a number of animals. Rat, mouse, and 
rhesus monkey erythrocytes are most commonly clumped. Four groups 
of adenoviruses can be distinguished by their pow^ to agglutinate 
rhesus and rat cells; Group I contains types 3, 7, 11, 14, 16, 21, 25 

and 28 and a^lutinates rhesus but not rat erythrocytes; Group 2 
contains types 8, 9, 10, 13, 15, 17, 19, 22, 23, 24, 26 and 27 and agglut- 
inates rat <^s and rhesus cells only to a low titre; Group 3 contains 
types 1, 2, 4, 5 and 6 and agglutinates rat cells partially and Group 4 
wluch contains types 12 and 18 does not agglutinate miher type of 
cell. 

PatiM^eaesis. — ^Adenoviruses do not as a rule produce dinical 
disease in laboratory animals. It should however be noted that types 
7 , 12 and 18 produce malignant tumours in new-born hamsters. In 
man, infection with adenoviruses results in catarrhal infiammation of 
the mucous membranes of the eye and tiw respiratwy tract, some- 
times with enlargement of the regional lymph nodes. Adenoviruses 
have been recovered from enlarg^ mesenteric lymph glands removed 
at operation from cases of suspected appendidtis and frma infants with 
intussusception and also from glantfr pressing on brondii in terondai- 
ectasis in children. 

Ty^ 1, 2, 5 and 6 are for the most part associated with mild, 
sporadic illnesses and are the common typm found latent in human 
tonsils and adenoids. Types 3, 4, 7, 14 and 21 are more freqiimxtly 
found in association with small epidonics of acute rmpicstoiy dhease 
>u closed commmuties. , , 

Acm pharyngitis is probably tire most frequent manSEcatmion of 
adenovirus infection. About half the cases are febrib, and,o0vyaal 
symptoms and cough are frequent. Young t^ihlm dE {uwnMlMJtd 

2 D 
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are conunonfy infecUki, often on repeated occasions. Most t^Udren 
have antibodies to types 1, 2, 3 and 5 by the time they begin school 
life. • ‘ i 

Phary^ocm^mctioal fever. — ^The triad of fever, pharyngitis and 
conjunctivitis Imting for about one week is a characteristic of infections 
with types 3, 7a and 14. This syndrome is encountered more fte> 
quently in the summer months, when it may spread rapidly amongst 
^e members of a family and be associated with outbrem in schools, 
day-nurseries or holiday camps. 

Acute Respiratory Disease (ARD) is a feverish coryza which, unli1t» 
virus influenza, has a gradual onset. Headache, sore throat and cough 
are common but not severe. This illness seldom has dear-^cut char- 
acters in civilian practice, and the diagnosis is usually only nude when 
epidemics occur in such communities as large military camp& 

Pneumonia . — ^The illness resembles primary atypical pneumonia. 
In children, type 7a is a frequent cause of the con(fltion and In adults 
it occurs as a complication of ARD due to types 4 and 7. I 

Acute folUcul^ coryunctivitis occurs principally in adults. The 
disease b^ns with a unilateral non-purulent inflammation of the con- 
junctiva with enlargement of the submucous lymphoid follicles and 
swelling of the pre-auricular l)rmph node. Fever and systemic effects 
are usually absent. After a few days the other eye shows a similar 
involvement and the condition usually clears up within a week. Types 
3 and 7a have been isolated from these cases. 

Epidemic kerato-conjunctivitis. — ^This condition is due to infection 
with the single adenovinis type 8. Factory workers are principally 
involved, especially those whose trade exposes them to the risk of small 
corneal abrasions from dust or metal particles such as are disseminated 
in arc weldii^ and riveting. The acute phase of the infection may last 
for several weeks and heal^ is slow. Type 8 virus can easily be spread 
by contaminated towels to other members of a patient’s family. Epi- 
demics have been recorded where the virus was spread amongst patients 
in an q)hthalmic clinic by means of contaminated eye solutions and 
instruments. 

Epidemiology. — ^Adenoviruses are widespread in the continents of 
Europe and North America. In respiratory disease the viruses are 
spread by the inhalation of infected partid^ and possibly through 
contamination of the conjunctiva by infected fingers or droplet-spray- 
The seasonal inddence is maximal in the winter. Pharyngoconjunctival 
fever has a maximal inddmce in the summer months, and types 3 and 
7a viruses have been thought to be spread in swimming-bath water. In 
addition to bdi^ present in the exudates of the oropha.rynx and the 
eye, adenoviruses Irave been recovered from faeces and from tiie mesen- 
teric lymph nodes. Adenoviruses types from 9 to 28, occluding l^q>es 1^ 
and 21, have been recovered almost exclusively from the intmtinsl tra(^ 
The significance of the presence of adenovirus^ in the intestine is still 
in douH 
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Clinical Syndromes due to Adenoviruses 


Disease 

^ 

Associated 
Adenovirus Type 

Acute respiratory disease .... 
Acute febrile conjunctivitis 
Pharyngoconjunctival fever 

Acute respiratory disease (ARD) 

Virus pneumonia: 

(a) in infants 

(b) in adults 

Acute follicular conjunctivitis 

Epidemic kerato-conjunctivitis . 

4. 7, 3, 14. 

1.2. 3.5, 

3. 7a, 1, 2, 5. 6. 14. 

4, 7. 3. 14. 

7a, 1, 3. 

4.7, 3. 

3, 7a, 1, 2, 5, 6, 14. 

8, 3, 7a, 9. 


The most common types are given in heavy figures. 


Laboratory Diagnosis 

Virus isolation is carried out by the inoculation of monolayer tissue 
cultures of human cells, preferably HeLa, HEp2 or primary cultures of 
human amnion, in which adenoviruses produce a characteristic cyto- 
pathic effect. They can be identified as members of the adenovirus 
group by their capacity to fix complement with a known positive human 
or rabbit antiserum. The type is determined in neutralisation test| 
with type-specific rabbit antisera. 

Serolqgical Tests . — Infection with any one type of adenovirus 
stimulates a rising titre of complement-fixing antibodies to the group 
soluble antigen. This provides a simple and practical te^ for the 
detection of infections with the adenovirus group although it does not 
identify the type of the infecting strain. Complement-fixmg antibodies 
often rise from very low levek to titres of 1 in 128. The technique of 
the complement-fumtion test is that described in Chapter 54. The 
antigen used is prepared from a heavy culture of HeLa cells infected vdtb 
a large inoculum of an undiluted seed stock of any adenovirus type and 
incubated for about five days (for at least two days after the con^l^ion 
of the cytopathic effect). After thorough homogemsation in a hteuha’ 
and clarification by centrifugation at 2500 r.pjn. for twenty nunutes 
the antigen is titrated against a positive senun and is then ready for me. 

Rises of type-spedfic antibo^es to the adenoviruses can be measured 
in neutralisation tests against serofypes in HeLa cell tissue miltuies. 

Prc^ylazia. — trivalent killed vaccine containing types 3, 4 and 7 
grown in monkey kidn^ celte has been fmind usefiil in jneventing 
ARD in anny recruits in the U.S.A. 

, Canine Hmatitls. — Infisctious canine hemtitis or Htdiarth’s cBsease is 
^degpread in Britdn and in the continents of Europe and Norft America; 
The disease at one was confused wrath canine distemper, bat is a distinct 
entity caused by a di&rent virus. Youi^ dogs and pup^ seen after vanaa-H 
‘°g SK mostteiaoqptitde; uffectima riao occurs in fo^in wldch ittidtes^ 
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form of an acute encephalitia. After an incubation period of to nine days, 
dogs suffer from high fever, vomiting, diarrhoea and abdominal pain. 
Petechiae of the gums and inflammation and engorgement of the tonsils are 
common. Icterus is unconunon. The disease has a rapid course and 25 per 
cent, of the animals infected die within a few days of the onset. At autopsy 
the predominant features are subcutaneous oedema and a haemorrhamc peri* 
toneal exudate. The liver is pale and swollen; histolomcally the endothelial 
cells of the sinusoids and the Kuffper cells show marked degeneration and 
the presence of acidophilic intranuclear inclusion bodies. The gall-bladder 
mucosa is markedly oedematous and the wall thickened. 

The virus is excreted in the urine for many weeks after full recovery and 
it is from this source that the dissemination of the virus is maintained. The 
virus may also be spread on the hands of animal handlers contaminated by 
in fected saliva. 

Properties of the Virus . — The virion is 65 m/i in diameter and in\negatively 
stained preparations has the electron microscopical appearances of me adeno- 
virus. Antigenically the virus shares the ^oup complement-fixiiK antigen 
with the human adenoviruses but it is distinct from them in neu^alisation 
tests. The virus can be grown in cultures of dog, ferret, or pig kidney or 
testis. In monolayers it produces clearly defined plaques. 

Vaccines . — Several vaccines which contain living attenuated strains of the 
canine hepatitis virus are available. One is combined in a single prophylactic 
dose with an attenuated strain of the canine distemper virus. Another 
reinforces the antigenic stimulus of the attenuated hepatitis virus with two 
doses of inactivated virus. 


Virus Pneumonia 

This condition is in effect a syndrome of variable symptoms and signs 
which usually are less prominent than would be expected from the 
appearances of the soft patchy areas of consolidation that are seen at 
the bases of the lungs on radiological examination. There is no response 
to antibiotic therapy (but see Q fever, psittacosis, and primary at^ical 
pneumonia). 

Aetiology . — ^Although there is evidence to associate a wide variety 
of infective agents with the syndrome, it is true to say that the cause of 
many of these cases is yet to be determined. Pneumonia of this 
is found in Q fever, due to infection with Cox. bvmeti, and a similar 
illness is caused by the psittacosis and Eaton’s agents. The influenza 
viruses and the respiratory syncytial virus, the ^ndai virus, together 
with certain members of the group of adenoviruses (especially typ« i 
7 and 7a) are able to cause pneumonia of this type. The measles virus 
occasionally causes an interstitial pneumonia (Hecht’s disease) which 
is characterised by the formation of giant-cells with intranudear and 
cytoplasmic inclusion. 

Although virus pneumonias resemble the syndrome known as 
Primary Atypical Pneumonia (see p. 500) they may be differentiated 
from it by certain clinical and radiolo^cal features and by the absenw 
of the cold agglutinins and ^glutinins to Strepocoeem M.G. wbicb 
may occur in the latter conditioiL The cause of a hi^ 
cases of primary atypical pneumonia is Eaton’s agent (Cook cA., 1^* 
Liu, 1957) which is Mycoplasma pneumoniae^ a pleuropiwunKmtt'h^^ 
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organism. Because M. pneumomae is culthratable on serum t^ar it is 
not a virus and it is described widi the odier mycoplasmas. 

Ltboratory Djagaods . — ^Paired samples of serum should be tested 
for cold agglutinins, Streptococcus MG agglutinins. Antibodies to the 
induensa and para-influenza viruses can be ducted by haemagglutina- 
tion or haemadsorption inhibition techniques. Antibodies to M. 
pneumoniae, Cox. bumeti, psittacosis, the influenza A, B and C and para- 
influenza viruses, the respiratory syncytical virus and the group of 
adeno-viruses are detected by complement-fixation. The sputum should 
be examined bacteriologically, and virologically as in psittacosis. Blood 
cultures and animal inoculations may be required if Q fever is suspected. 


smNovmusEs 

The viruses of this group are responsible for the most frequent of all 
human infections, the “common cold”. Most people suffer from tv?o to 
four colds every year and, although the condition is not a severe one, 
secondary bacterial infection often follows with temporary incapacity. 
These viruses are the cause of the loss of many millions of man-hours 
of work. 

Properties of the viruses . — ^The virions are spheres about 30 m/x in 
diameter. Since growth is inhibited by 5-fluoro-uracil they probably 
contain RNA. They can be distinguished from most ECHO and' 
Coxsackie viruses by the fact that their grovrth is not inhibited by 
benzimidazole. There are no reports that the rhinoviruses can cause 
haemagglutination. Rhinoviruses, together with other very small 
viruses, are classified as Picoma viruses. 

Cultivation . — ^The viruses are divided into two groups according to 
the tissues of optimal growth. “M” strains grow and produce a cyto- 
pathic effect in monkey kidney monolayers and also in continuous hues 
of malignant human celb such as HeLa and HEp2. “H” strains are 
most easily isolated in human embryonic kidney cultures but can, with 
rather more difficulty, also be grown in diploid ceils from human 
embryonic lung (Hayffick & Moorehead, 1961, HeLa and ELB cdls; 
Taylor Robinson, Hucker & Tyrell, 1%2). 

Both M and H strains require for their growth a temperature of 
33° C., a pH lower than that commonly used, and the use of revolvii^ 
drums to maintain the oxygen tension of the cell cuinires by rotation. 
Infected cultures are maintained in a medium containing 0*03 per coot, 
sodium bicarbonate, 0’25 per cent, lactalbumen hydrolysate and 2-0 
per cent, calf serum in Hanks’ saline with antibiotics. 

Viability . — Rhinoviruses can be preserved at —76*’ C. and survive 
freeze drying rather better than most picoma viruses. Dryii^ in air 
St atmospheric temperature quickly inactivates the vmises. are 

stable to heat treatment at 50° C. for 30 min. but are sensitive to pH 
fluctuations and are quickly inactivated at pH 5*3. T%ey survive 
overnight exposure to 20 per owtt edi«r. 

PaihogeiieHs.— When rhinovirusra ate instilled into the nose nf 
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human voluntem a mild sore throat and cou|^ are the premomtory 
signs which precede the profuse nasal discharge of a typical common 
cold. The incubation period is 48-96 hr. CUmpanzees are the only 
other creatures known to be susceptible to these viruses. The viruses 
can be recovered from the secretion of the nose and throat but only 
rarely from the faeces. 

Epidemiology. — ^The incidence of colds is greatest in the winter 
months when outside temperatures are falling but the reasons for the 
seasonal variation has never been satisfoctorily explained. Deliberate 
exposure of volunteers to wet and dulling does not increase their 
susceptibility to colds. Common colds are probably transmitted by the 
same mechanisms as those in influenza and other respiratory Sections. 
About 10 per cent, of colds compel their victims to absent themselves 
from work. Colds in the home are often introduced by pre-school and 
school children who contract the infection from their pia 3 mmtes. In 
general, adults under the age of thirty are more susceptible than those 
over forty (Lidwell & WilliLns, 1961). 

Lab o rator y Diagnosis. — This rests on the isolation of the causative 
virus in tissue culture and the neutralisation of its cytopathic effect by 
antisera. Antibodies in sera can be titrated according to their ability 
to reduce the number of microplaques which a fixed dose of vifus will 
produce in a monolayer of susceptible cells. 

Pri^hylazis. — ^An experimental vacdne containing a single in- 
activated virus strain injected intramuscularly is effective in stimulating 
the production of protective antibodies against that strain (Doggett, 
Bynoe & Tyrrell, 1963). The multiplicity of serotypes to be found 
in the commimity, however, makes it likely that for any vaccine to be 
dfective it would require to contain a large number of different virus 
strains. 

MiscellanecNis Viruses Associated with Colds. — A number of 
these agents mostly picoma viruses are closely associated with cold-like 
illnesses. COE virus has been isolated in Great Britain and in the 
United States of America from patients suffering from febrile colds and 
sore throats. The virus has been identified as Coxsackie virus A21. 
A serological survey in Great Britain has shown that the incidmce of 
infection with the COE virus is low in children under the age of ten 
years and rises steadily with age. By the age of fifty years, 50 per cent, 
of individuals have antibodies to the virus and there is a sig^cantly 
higher proportion of infection in males (Pereira and Pereira, 1959). 

ECHO 28 indudes the J.H. and 2060 viruses which were isolat^ 
from feverish colds. These viruses are intermediate in thdr properties 
between the ECHO and Rhinoviruses. 

REO viruses (respiratory enteric orphan viruses), see p. 440, which 
at one time were classified as ECHO 10 have occasionally been r^ 
covered from mild fevers in children but have been mme constaony 
associated with diarrhoea than wiffi respiratory qmptoms. 

Para-infiuenza viruses, the respiratory synqrtial virus, the aden^ 
viruses, and Eaton’s agent have all been found in association with odd* 
Ifike illness. 
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CHAPTER 34 

ENTEROVIRUSES; REOVIRUSES 

Those viruses which multiply predominantly within the cells of the 
intestinal tract of man are grouped together and are known, as the 
Enteroviruses. In this category are three smaller groups ; the poHovirus 
subgroup consisting of the ^ee poliomyelitis viruses; at least 28 
ECHO viruses; and 30 Coxsackie viruses. Most are within the size 
range 25-33 mfi, ether resistant, and are antigenically dis^ct from 
each other. They can be isolated from human faeces in tissue culture, 
and in the case of Coxsackie viruses also by the inoculation of infant 
mice. As well as causing poliomyelitis these viruses give risqto a wide 
variety of acute feverish illnesses in man. 

The enteroviruses are included in a larger group, the Picorimviruses, 
that also includes similar viruses such as ^e Rhinoviruses whi^h cause 
common colds, the virus causing foot and mouth disease in farm 
animals, and a variety of other viruses many of which are pathogenic 
for different animals. 


POLIOMYELITIS 

Usually infection with the poliovirus is quite inapparent and the 
individual, although at the time excreting the virus, is unaware of any 
ill effects. Occasionally he may have a minor illness with, at most, 
symptoms of fever, headache and vomiting. In a smaller proportion 
of infections there are signs of a meningeal reaction of some severity 
and these may subside or proceed to involvement of the central nervous 
system with localisation of the virus either in the anterior horn cells of 
the spinal cord or in the region of the respiratory and vasomotor centres 
in the medulla. The clinical diagnosis of poliomyelitis based on the 
signs of paralysis is made in less than one in a thousand infections. 

The Properties of PoUovirus homms . — ^The poliovirus is a spherical 
particle 27 m/x in diameter; it is the smallest known human pathogen. 
The virion is in the form of an icosohedron with, perhaps, 32 protein 
capsomeres enclosing a RNA core which constitutes 25-30 per cent, 
of the particle. ~ 

Two outstanding characteristics of the virus are its affinity for 
nervous tissue and its narrow animal host range. The only wunate 
readUy susceptible are the primates, though it has been possible to 
adapt some strains to grow in small rodents and chick embryos. Cyn(> 
molgus and rhesus monkeys can be infected by the oral route and 
develop paralysis; in chimpanzees, however, the inf^on is ofta» 
asymptomatic. Under the influence of cortisone, monkeys becoine 
more susceptible to small parenteral d(»es of the virus. The anim^ 
develop a viraemia which is suppressed when antibodies i^tpear, 
later t^ excrete the virus in their faeces. Poliomyelitis viruses ^ 
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most easily isolated and cultivated in in vitro tissue cultures of monltey 
kidney or in HeLa cells where their cytopathic effect Womes ra^^ 
apparent. They can also be grown in a wide variety of human cells in 
tissue culture explants, e.g. embryonic skin, muscle, kidney, tonsil, 
prepuce, testis and uterus; monkey testis or lung can also be used. 

Viciiility-—'Tht poliovirus is one of the most shtble known. In 
aqueous suspensions of human faeces at 4° C. it survives for ipahy 
months, and in pieces of spinal cord in 50 per cent, glycefol in normal 
saline it remains viable for periods of eight years or more. It can be 
preserved for many months or years at -20° C. or —70° C. Unlike 
most other viruses its infectivity is not well preserved by freeze drying. 
In human stools the virus may survive at room temperature for as short 
a time as one day or for as long as several weeks, depending on the 
amount of virus present, the pH, the amount of faecal moisture and 
other environmental conditions. The virus is readily killed by moist 
heat at 50°-S5° C. but milk, cream and ice-cream exert a protective 
effect so that the virus in these foodstuffs may survive exposure to heat 
at 60° C. It is destroyed by the process of pasteurisation of milk at 
62° C., but the safety margin is not sufficient for certain inactivation and 
the flash method at 72° C. is to be preferred. 

In infected human spinal cord the virus is rapidly inactivated at 
pH values below 2 or over 1 1 ; it survives for ten days at 4° C. in 1 per 
cent, phenol, 18 hr. at 4° C. in ether, and O-l per cent, sodium 
desoxycholate. Inactivation of poliovirus in tissue culture fluids is 
complete after seven days exposure to 0*025 per cent, formaldehyde at 
37° C., but its antigenicity is retained so that it can be used as an im- 
munising agent. The most active disinfectants are oxidising agents 
such as potassium permanganate and hypochlorites. In the absence 
of organic matter free chlorine in a stren^h of 0*05 parts per million 
will inactivate the virus, but higher concentrations than this are needed 
to disinfect swimming-bath water or materials contaminated by faeces. 

Antigenic Characters , — ^Three immunological types of the virus have 
been identified by neutralisation tests carried out in the monkey or in 
tissue cultures. The prototype strains of type 1 are the BrunhUde and 
Mahoney strains; type 2, which includes the rodent adapted strains, 
the Lansing and MEFl strains; and t}rpe 3, the Leon and Sai^citt 
strains. The three types are immunologically distinct, but overlapini^ 
in neutralisation teats is not infrequent. Tjrpe 1 is the common epi- 
demic type, type 2 is usually associated with endemic infections, and 
type 3 occasionally causes epidemics. The size, chemical and physical 
properties, and the resistance of the three types are all identical. 


In partially purified preparations of polioviruses there are four antigau 
Much differ in size, density, (hemk»l ccunpostfion, infecttvi^ and andg^uc 
characters. These partides can be separated by sedimentation in a sucrcoe 
densiw gradient, and two of them, the D and C particles, can be distinguished 
^rding to thdr predominant antigenic reacti<»». D pardcfos have the 
'J“”^ri8tic8 of infective virus, are well defined and type aprafic; they are 
" in dectron micrograihs and contain 25-30 ftr eerit. 

cent, protein. The C nttigen conspiration is aaaod- 
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ated vrith particles Rduch are less electroa dnue aad which are structunUy 
impaired so that they have a ring or “doughnut” appearance; itxf are devoid 
of RNA and have the power to react with antibodies i^iich appear very early 
in the serum of acute cases of poliomyelitis. If D particles are eiqxW to 
heat or to ultra-violet light, C antigen is produced. D particles in concen- 
trated preparations give ty^specmc reactions in complement-fixation tests 
and m precipitin reactions carried out by the ^ diffusion method. 
C particle preparations also react q>edfically but ate uable to react hetero- 
typically witii antibodies to ail the three virus types. The preparation of 
purified suspensions of D particles for use in diagnostic serological wor^ 
although highly desirable, is still a matter of conudetable technical difficulty. 

Patht^enesiB.— The only natural source of the virus W man; the 
virus is spread from person to person, and no intermediate host is 
known. The human reservoir of infection consists of peiBons who 
excrete the virus in their faeces and perhaps less commonly in their 
oropharyngeal secretions. The great majority of these peopl^ have no 
paralytic rnanifestations of the iiffection and suffer no illness; ^e virus 
they excrete enters the new host by ingestion or inhalation. 

In paralytic poliomyelitis, the virus can be found in the &eces for 
a few ^ys preceding tiie onset of acute symptoms and is present in 
over 80 per cent, of cases in the stool during the first 14 days. 
After three weeks some 50 per cent, of patients still excrete the virus 
and at five to six weeks 25 per cent. Only a few cases continue to 
excrete the virus after the twelfth week. No permanent careers are 
known. The virus can be isolated from the oropharynx of many cases 
for a few days before and after the onset of the illness. 

There is still some doubt as to the route by which the virus is dis- 
seminated throughout the body. One suggestion is that there is a 
primary focus of viral multiplication and that from this site the virus 
is disseminated in the blood stream. It is probable that on entering 
the body the virus first invades the lyn^hoid tissues in the upper 
respiratory tract or the Peyer’s patches of the small intestine and the 
associated mesenteric lymph glwds; durii^ the next seven days larg^ 
amounts of virus are produced locally in ^ese extraneural si^ until 
finally it spills over into the lymphatics and is carried into the blood 
stream. In those cases which die of an overwhelming infection within 
a short time from the onset, the Peyer’s patches and the mesenteric 
lymph nodes are found to be greatly swollen and inflamed and to contain 
large amounts of virus (see Fig. 25). 

The viraemic phase marks the end of the incubation poiod and is 
manifest in the patient by the fever and generalised toxic symptoim; 
it is followed by a period of about 48 hours of relative wdl-being (the 
dttease is biphuic) while the virus is invading nerve tissu^ and then, 
in serious cases, the signs of paralysis appear. Viramia has been 
proved to occur after experimental i^e^on of monkeys and has be^ 
donrmstrated on several occasions in man. It is probable th^,^ 
process can be arrested at various sti^ so that the virus may 
in the intestine without ever readiing the blood strenn, « once » t^ 
Mood Mream tl^ virus may be overcome by the pt^Mtt’s oatut" 
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<|efence medtanisnu before it can r«idi nerve cells. Even i£ tbe vijcw 
destroys nerve cells, it is only when certain critical areas are invid^ 
diat paralysis results. In this way it is possible to es^hdn aborttve and 
non-paralytic forms of poliomyelitis. It must be stated, however, that 
it is not yet known whether viraemia is a constant feature of the disease 
and that no adequate explanation has yet been offered of tbe inumer 
whereby the virus enters the nerve cells in paralytic poliomyditis. 



Fio. 25 

A diagram to show the correlatioii between the clinical and pathological emiita 
occurring in a paralytic case of poliomyelitia. 


An alternative explanation of the pathogenesis of poliomyditis is 
that the virus is first deposited on the mucous membranes the 
or intestine where it enters the peripheral nerve endings. Hie virus 
then ascends along the axons ti> reach the penpheral gajn|^ ai^ then 
the central nervous system. Virus midtqtlieatioii Iwosm with the 
production of Inueos which may be amdl «id heal qokliy or *shich 
progress to inirolve vM areas and came pendrab. 'Tw eidiilenitae 
” support ^ unew depeodB on tiw findings hi lenbns m the n^iicwd 
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ganglia. It is, however, possible that sudi changes are caused not bj 
tile ^cending ^ead of the virus but by its effect as it spreads oiRwardi 
from the central nervous system. In general, it may be stated tiiat there 
is considerable doubt as to whether the poliomyelitis virus can entei 
through intact nerve endings. In the experimental monkey, however, 
it is known that the virus can enter a nerve whidi has beoi deliberately 
cut and that it can travel along the proximal fibres to reach the central 
nervous system; such a sequence of events may occasionally occur in 
man and is thought to happen after tonsillectomy. 

Factors Predisposing to Infection . — There are a number of factors 
which are known to shorten the incubation period, enhance ^e severity 
of the infection, and promote the localisation of the virus in the central 
nervous system, thus predisposing to paralysis. Muscinar activity 
during the pre-paralyrtic phase of &e illness leads to paralysis of the 
limbs used. Pregnant women are more susceptible than non-pregnant 
women. Poliomyelitis occurring near full term is apt to be Kvere and 
may assume the bulbar form. Tonsillectomy carries an increased risk 
of bulbar poliomyelitis, and this risk persists for several months or 
even years after the operation. 

Paralytic poliomyelitis may also occur in children who have received 
immunising injections of alum-containing diphtheria toxoid, par- 
ticularly when combined with pertussis antigens. It is probable that 
the irritant properties of the alum or other adjuvants used in these 
vaccines is more important than the nature of the vaccine. A similar 
effect has followed the use of penicillin, arsenicals and heavy metals in 
mass campaigns against yaws. Paralysis occurs in the limb which 
receives the inoculation, and its incidence is approximately 1 in 37,000 
injections. There is much doubt about the manner in whuch the para- 
lysis is precipitated ; the irritant inoculum in the muscles may render the 
anterior horn cells of the corresponding segment of the cord more 
susceptible to virus invasion or perhaps it may provide a site for the 
local proliferation of the virus circulating in the blood. 

In paralytic poliomyelitis it sometimes happens that the patient Im 
a double infection and that both the poliomyelitis virus and a Coxsackie 
virus (see p. 437) can be recovered from the faeces. Viruses of Cox- 
sackie group A occur with significantly greater frequency than those of 
group B in paralytic poliomyelitis. The constancy of the association 
of the poliomyelitis and Coxsackie group A viruses has been sufficient 
to surest that infection with the latter pTedisposes to paralysis. Cox- 
sadde B viruses are not associated with paralytic poliomyelitis and it 
is of interest to note that, in contrast to group A viruses, th^ have an 
interferix^ action which spares the mouse from the effects of expen- 
mmtal poliomyelitis. 


^demiology 

Poliomyelit» occurs throughout the world, but in tnoaporatB din»t?* 
assmnes an qxidemiologkal pattern quite different ficom that found in 
the tropics. In Eurtqxe, Nortii America and Australia tiie ® 



EPIDEMIOLOOY OF POLIOMYELITIS 429 

endcinic with periodic epidemic increases, usually in the late sunamer 
in the tropics it occurs unifot^y throu^ut the whde year with^ utity 
tenden<7 to seasonal variatum. As hygiene imiwoves, however, the 
epidemic patton changes. 

At the begmning of the centuty, paralytic poliomyelitis was known 
as “Infantile Paralysis” because it most frequently attacked i^klren 
under 5 years old. Since the Second World War, however, the pontion 
has changed and only one-third of the patients are und«r 5 years of 
age, one-third are in the ingroup 5-15 years and tiie renuuning 
third are over 15. No age is exempt, and poliomyelitis has been re- 
corded at the age of 70 years. In places where overcrowding and poor 
sanitation permit rapid dissemination of the virus, poliomyelitis ronains 
a disease of infancy, and by the age of 4 years practically the children 
have acquired immunity to all the three virus types. It is established 
that infants are less likely to develop paralysis than older children, but 
the peak incidence is still in the 1-3 year-olds: in recent epidemics over 
60 per cent, of fatal cases have been in patients over 15 years old in 
whom the infection tends to be more severe. 

The higher standard of hygiene in some countries impedes spread 
of the virus over wide areas and individuals or whole communities may 
escape infection for many years. In this way it may happen that a large 
part of a population lacte immunity to tiie polioviruses and that when 
infection is introduced it spreads so rapidly among susceptible persons 
that an epidemic results. The introduction of more virulent strains 
may also be a factor in epidemic spread. It is difficult to know v^ch 
of these factors was more important when in this country in 1947 tlw 
incidence of poliomyelitis rose from the usual figure of 4 per 100,000 
to 18 per 100,000 of the population. A preponderance of the clinical 
infections has been caused by type 1 virus. 

Poliomyelitis is often contracted durii^ a period of quite close 
proximity to an infected person; the virus may be inhaled in infected 
particles or ingested. It is thought that the virus is frequently trans- 
ferred by the hands of persons who are excreting the virus or by 
those who have touched contaminated fomites. 

Faeces provide a rich and persistoit source of the virus; it has been 
calculated that one gram of stool may contain sevend million infective 
doses of the virus. Sewage in urban populations contains the virus 
Aroughout the summer and early winter months, while potitanyelitis 
is prevalent. Water supplies may occasioiudly be contantioated by 
sewage, and in rural areas this may be a means by which infection is 
spread. There is littie evidence, however, tiiat the virus can survive 
the purification processes used for a piped water supply, and urban 
water-borne epidemics have not been described. Faecal poUutioa df 
swimming-baths has often been thought to spread the iidection, but 
there is littie direct evidence on this point and with adequate dilnriaaf 
tion the ritdt is Flies nsay carry the virus to food on their feet 
; by regurgitatk® after feeding <m exposed faeces or sew^ 

Immunity a permanent to the virtu ^ ttlKitioQ. 

^though theTtiltfee virus types are antq^t^ ^stinct ^u^^u fioimiEi 
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evidence to surest that prior infection with tjrpe 2 virua may confer 
a measure of resistance to the paralytic disease caused by type 1. 

Virus neutralising antibodies are formed early during die disease 
(often before the seventh day) and perMst for sevei^ decato. Conqile. 
ment-fixing antibodies are of much shorter duration. 

Laboratory Diagnoais 

Vavs Isolation . — ^The virus may be recovered from faeces or throat 
swabs taken early during the disease. Two sudh specimens diould be 
collected on successive days as early as possible in the course of the 
disease. A 10 per cent, faecal suspension is made in Hante' balanced 
salt solution containii^ 100 units of penicillin and 100 /tg.lof strepto- 
mycin per ml. and is then centrifuged to remove coarse particles. 
Throat swabs are treated in a similar fashion. The material ia tben used 
to inoculate four monolayer tissue cultures of monkey kidnw human 
amnion, HeLa, HEp2 or other cells. If the virus is growii^. a cyto- 
pathic effect is usually seen in the cells within 48 hours. Identification 
of the virus type is carried out by a neutralisation test in which a 
measured dose of virus (approx. 100 TCD 50) is exposed to the action 
of standard type-specific antisera. It is convenient to dilute the virus 
isolate I in 100 and 1 in 100,000 and to mix these two dilutions with a 
suitable amount of the standard antisera. In fatal cases specimens 
obtained at autopsy should include the cervical and lumbar enlarge- 
ments of the spinal cord, the medulla, mesenteric lymph nodes and 
portions of sm^ intestine and colon with their contents. After being 
homogenised, these tissues are treated in the same way as faeces. All 
types of infected material can be preserved in the refrigerator at 4° C. but 
better results are obtained when storage is at —30° C. Tissues should 
be placed in 50 per cent, glycerol saline before storage. 

It must be remember^ that any poliovirus isolated from a patient 
may be either a “wild” virulent virus or an attenuated vaccine strain. 
The only certain way to distinguish between these two possibilities is 
to carry out virulence tests in &e monkey, but with attenuated strains 
of polioviruses types 1 and 2 there are certain genetic, in-vitro, “marker” 
characteristics which are sufficiently stable to be helpful 

One marker that has been much used is the intratypie antigenic 
structure of the virus which is characteristic for each strain. The rate 
of inactivation of a poliovirus by its -own homoli^us antrum 
(calculated as the K vdue) b faster than that achieved by antisera to 
other strains of the same type. Thus, when antisera to attenuated 
strains are set up against the vaccine viruses the K value b hi^er than 
if wild viruses lud been used (McBride, 1959; Card, 1960). A secow 
marker, the A (aluminium) marker, rests on the fact that attenuated 
Mrains are not inactivated by heat for 15 min. at 50° C. in the presen^ 
of lOmM AlClg, whereas wild strains treated in thb way are inactivated 
and lose 3-4 k^. 10 unite of them ii^ectivity (Melnidk, 15^}. Otbtf 
markers which may be used include (1) the T or xet/40 maiktf (L^P" 
and Lwoff, 1960) wfaidh employs foct that ommivurulteit 
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viruses are mcure tbermo-renstant than attenuated strainst (2) the 4 
(bicarbonate) marker which uses the observation that stndns with 
reduced virulence have a low platii^ efficiency in an add medium With 
a low bicarbonate content in the overlay, whereas virulmt druses ^ow 
well under th^ conditions (Dulbecco and Vogt, 1958), Mid (3) ti» 
M marker which rests on die fact that virulent polioviruses grow well 
with the production of large plaques on a stable line of monkey Hchiey 
cells while attenuated strains ^ow less well witii small plaques. 

The use of these markers is conjBned to polioviruses types 1 and 2; 
poliovirus type 3 is genetically so unstable that only virulence tests in 
the monkey serve to differentiate the wild from the attenuated viruses. 

Serolo^dl Tests . — ^Paired samples of serum are required; the first 
must be t^en as soon as possible after the onset of the disease and the 
second after an interval of three to four weeks. Neutralisation tests 
are usually employed with all the three virus types. If the first 
sample has been t^en suffidently early it is often possible to show a 
significant rise of antibodies to the infecting virus type, but in practice 
this may not always be achieved because of the insidious nature of the 
onset. Antibody tends to rise rapidly, and titres of 1000 or higher are 
usual by the end of the third week of the disease. In type 1 iMection 
some type 2 antibody may develop as well. Complement-fixation and 
flocculation tests are not yet in general use for routine diagnostic work. 


Prophylaxis and Control 

Since it has proved impractical to prevent the widespread dissemina- 
tion of the virus and because it is impossible to recognise the trivial 
infections that the poliomyelitis viruses cause, it has become obvious 
that the disease can only be controlled by raising the immimity of the 
population to a high level. 

Active immunisation with a formol-inactivated vaccine has been 
advocated by Salk for this purpose. The vaccine contains strains of the 
three types of virus inactivated by exposure to formaldehyde. In the 
vaccine used in America, type 1 is represented by the Mahon^ strtun, 
type 2 by MEFl, and type 3 by Saukett. A second vacdne of this 
type was developed in Britain and for greater safety less virulent strains 
were employed; the type 1 virus used was Brunenders, an attcmuafed 
variant of Brunhilde, type 2 was a strain of MEFl adapted to 
suckling mice and the type 3 virus was again Saukett. Both wicciheB 
have been used extensively and many millions of people have received 
them without ill effect; they cause no load or general reactions and ea(^ 
has been proved to lower significantly the in^ence of paralytic ptdio- 
'’ayeUtis. Initially two doses of TO of the vaccine ate given int»* 
musimlarly at an interval c£ three weeks. Two boosto: doses are 
i^equired, one m to nine months after ffie sectmd dose and ffie last a 
year or two later. 

Until 1960 the ant%enic efficieacy of differmt bat(d»es (ff tlm in- 
artivatedvacqine was somctiiiHS variable. The Qrpe 2virus ouiqioheht 
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was satisfactory and in most cases so was the type 3, but the and* 
genidty of the type 1 component was such that up to about 15 per cent 
of those inoculated failed to produce antibody afto: two doses of the 
vaccine. New vaccines overcome this difficulty and contain a ten*foId 
increase in the concentration of the type 1 virus. Two injections of 
these vaccines evoke a good antibody response in 95 per cent, of sus- 
ceptible children between the ages of 4 months and 14-15 years; a third 
injection given 7-12 months later results in a satisfactory antibody titre 
in almost 100 per cent, of the recipients. Antibodies first appear 7-10 
days after the second inoculation, reach a maximum after about three 
weeks, and then gradually decline, so that after two years their level is 
about 20 per cent, of the peak titre. Thereafter the level decreases at a 
slower rate. In individuals who have received three dose^of a good 
vaccine a satisfactory antibody titre is maintained for some five years. 

The inactivated poliovirus vacdne may be used simmtaneously 
with the triple vaccine against diphtheria, pertussis arid te^us or it 
may be combined with it in a quadruple vaccine (Butler et r/., 1962). 
It W not yet been recommended for general use in Britain. 

Live attenuated poliovirus vaccines are now used extensively in 
many countries including Britain. The virus strains used in these 
vaccines are attenuated and lack all power to produce paralysis even 
when injected directly into the brain or spinal cord of monkeys. They 
were obtained by cultivating wild, but relatively avirulent, polioviruses 
in monolayer cultures of monkey kidney cells in which plaques were 
produced. By selection of a single plaque, pure clones of viruses were 
obtained and passaged until neurovirulence was lost. The strains most 
commonly used were developed by Sabin (1959a) and are designated 
as follows: Type 1 strain (LSc 2 ab), Tyrpe 2 strain (P712, Ch 2 ab) 
and Tyrpe 3 strain (Leon, 12 ab). 

Live attenuated vaccines have the great advantage that they are 
given orally and are therefore much easier to administer; large numbers 
of persons can be immunised by feeding the vaccine during a very short 
space of time. In addition this vaccine is much more economical in use 
than the inactivated vaccine because it is much simpler to prepare and 
the virus dose required (10®— 10®’® TCD 50) is approximately one 
ten thousandth part of the virus content of a single inoculation of the 
inactivated vaccine. 

The immunity which follows feeding the attenuated viruses is 
effective in over % per cent, of the subjects and the antibody response 
is as good as that induced by inactivated vaccines. The duration of the 
immunity follows the same general pattern as that produced by the use 
of inactivated vaccines but there is as yet no evidence on which to assess 
whether or not it will last any longer. In addition to evoking the pro- 
duction of humoral antibodies the growth of the vaccine strains in the 
^t creates a state of cellular resistance whereby the subsequent estab- 
lishment of polioviruses in the intestine is prevented. 

Administration of the attenuated strains in Great Britain is earned 
out by feeding a tiivalent oral vaccine on three s^an^ occawon® 
spaced at four to eight week intervals. Older chUdrai and adidts recwve 
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le vaccine on a lump of wigar or in syrup (BP); in the case of in£u^ 

; can be pven directly from a dropper. The dose is 0-15 nd. (3 dri^) 
od contains all three of the Sabin strains; Type 1 10® ’ TCD 50, 
’ype 2 10* ■« TCD 50, and Type 3 10* * TCD 50. An alternative 
;hedule recommended by Sabin employs monovalent vaccines which 
re given in similar doses in the order of t3rpe8 1, 3 uid 2. at Intcifmds 
f at least four and preferably six weeks. 

Attenuated vaccines have the advantage that they can be adminis- 
;red very easUy and quickly in mass vaccination c am paigns. When 
sed in this way in the face of a commencing epidemic they have been 
uccessful in halting the spread of infection, ^^ole communities can 
e protected in this way and many hope that by these methods wild 
olioviruses may be eliminated and the disease of poliomyelitis will 
e eradicated. 

There has been much controversy over the relative merits of the 
[lactivated and the attenuated vaccines. In summary it may be said 
[lat both are highly effective immunising agents and both give very 
imilar immunolc^ical responses. The inactivated vaccine can be 
ccepted as safe without question but doubts exist about the possibility 
hat the attenuated polioviruses will, as they are repeatedly transferred 
laturally from man to man, revert to a more neurotropic form and 
iventually resume their power to cause paralysis. 

There is now little doubt that a small number of cases of paralytic 
)oliomyelitis, that occurred in the U.S.A., were very closely associated 
fith the use of the living vaccine. The risk to children under 15 years of 
ige, however, is very small, and has been calculated for Type 1 as 1 in 
>,000,000, for Type 2 as 1 in 50,000,000, and is ^eatest wth Type 3 at 
1 in 2*5,000,00 vaccine doses. In adults the risk is greater and the 
)osition may be serious because a significant proportion of the total 
lumber of paralytic cases are associated with the use of the vaccine; e.g. 
!4 out of 56 in 1%3 and 10 out of 14 in 1964 (Henderson et ai, 1964). 
i^or an account of the inoculation schedules at present used see Chap- 
«r43. 

Passive immunity can be conferred by injecting gamma globulin. 
The doses recommended are as follows; for persons over the age of 
7 years 1*5 g., for the age-group 1-6 years 1*0 g., and for infants under 
I year old 500 mg. To afford protection gamma globulin must be used 
18 soon as possible after exposure or when possible, before the ri^ is 
taken. As it is in short supply and of rather doubtful value, ^mma 
globulin is reserved for special occasions; it is used for prqgnant 
women after exposure, for diildren after tonsillectomy at epidomc 
periods, and for laboratory workers accidentally contaminated by the 
’leus. It should mt be used for family contacts of a recogmsed case. 


ECHO VntOSES 

^en tissue oiitures began to be used for the isolatiim of ptdib> 
"tyelitis Vituses foom stools it was soon found duit muty^ other vimaki 
2e 
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also could be recovered from die intestinal tract. These viruses can 
only be isolated in tissue cultures, optimally in those {tom mtmkey 
kidneys. Originally they were called “Orphan” viruses because they 
seemed unrdated to known diseases, and since they were present in 
faeces they were named **£nteric, Cytopath(^nic, Human, Orphan 
i.e. ECHO viruses”. 

Properties of the Viruses . — ^By definition ECHO viruses are (1) cyto- 
pathogenic for monkey and human cells in tissue culture; (2) non- 
pathogenic for sudding mice and other laboratory animals; (3) un- 
related to other known cytopathogenic viruses, e.g. poliomyelitis, 
Coxsackie B, herpes simplex, ii^uenza, mumps, measles, varicelh, and 
the adeno viruses; (4) neutralised by human gamma globulin; (5) ether 
resistant; (6) possessed of complement-fixing antigens; (7) caaracterised 
by plaques (see p. 79) different from those of the poliomyelms viruses; 
(8) in the' size range 23-35 m^. ECHO type 10 is now regarded as the 
prototype of a new group, the REO-viruses (see p. 440). 

The ECHO viruses are in general similar to the poliomyelil^is viruses 
in size, stability and resistance. They contain at least 25-30 per cent. 
RNA. They survive long periods at 4“ C., are not inactivated at 37® C., 
and are stable at pH3 and pHll. In general, they are killed by heat 
for 30 min. at 65® C., survive well at —70° C., but lose much of their 
activity on freeze-drying. Continuous cell lines, e.g, HeLa, are not 
suitable for attempts at ECHO virus isolation, as the cytopatMc effect 
may be absent or very slow to appear. 

Cultivation . — Most strains grow well in epithelial cells from the 
kidneys of rhesus or cynomolgus monkeys and also in human amnion, 
human embryo kidney, lung or skin muscle. Growth is good in con- 
tinuous lines such as HeLa or HEp2 but the cytopathic effect may be 
slow to appear or absent. 

When ECHO viruses are seeded in dilute inocula on to the surface 
of a sheet of tissue culture cells, each single infective particle sets up 
an area of cell lysis or a plaque (see p. 79) which is easily recognised. 
Types 7, 8 and 12 produce large circular plaques with clearly defined 
edges and a diameter after a week’s growth of 1 cm. Types 1, 3, 4, 6, 
9, 11, 13, 14 and 16 produce irre^larly shaped plaques t^ch develop 
slowly and seldom reach 0*5 cm. in diameter (Hsiung, 1962). 

ECHO viruses are pathogenic for rhesus and cynomolgus monkeys; 
Dp>es 2, 3, 4y 7, 9, 13, 14, 16 and 18 induce a febrile illness witli 
viraemia and an ant^enic resfmnse (Wemaer, 1%2). ECHO 9, esped* 
ally after repeated passive in tissue culture, produces a fatal paralysis i 
mice resemblk^ that caused by the Coxsadde viruses. 

Haenu^ht^ietum (ff human group 0 erythrocytes is caused bj 
Q?peB 3, 6, 7, 10, 11, 12, 13 and 19. These strains react with a retept® 
on human group O cells which is distinct from {hat of the myxoviruses. 
The haenu^glutinin is not separable from the virus particle. 

Ant^mic Characters. — ^Twenty-dght distinct antigenic types 
so far been disdngubhed by neutrimsation tests in tissue cultu^' 
Cross reactions occur between Qrpes 1, 8, 12, and 13 in neutral^**®^ 
teste. Antigooic variation is kaawn to occur in types ^ 9 and 10, *“ 
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may be t common oomtrence tinder natural condkions. The qpeci* 
fidty of strains may be altered by ctdtivatkm in the presence (rf a 
heterologous mtiserum. 

Patht^genesit.— As knowledge of them has increased the ECHO 
viruses have lost their “orphan” status and now only two remain, types 
15 and 17, that have never been clearly assodated wi^ dis^oe. ' 

ECHO virus infections are preceded by a short incubation pm^iod, 
usually of dmee to five days, and may take the form of dmple fever, 
aseptic meningitis, diarrhoeal diseases or respiratory illnesses. A 
nibelliform rash may complicate these disease patterns or may occur 
as the sole manifestation of infection. 

The sources of infection are human cases or carriers excreting 
ECHO viruses in their faeces or oropharyngeal secretions. When the 
viruses enter the body they multiply in epithelial cells in either the 
intestine or the respiratory tract. Some ty^, e.g. 6, 9, 11, 16 and 18, 
are able to penetrate the epithelial barrier of the gut to reach the blood- 
stream and multiply in secondary target organs. The viraemic phase 
may begin five days before the beginning of the illness and continue 
until 24 hours after the onset. Altogether, eleven ^pes, 2, 3, 4, 7, 9, 
11, 14, 15, 16, 18 and 19, have been recovered from the cerebro spinal 
fluid in cases of aseptic meningitis. ECHO 9 appears to be able to 
invade nervous tissue and infection with it is sometimes accompanied 
by mild transient paralysis. Recovery from ECHO virus infecfions 
is almost invariably rapid and complete; the number of human fatalities 
which can be ascribed with certainty to these viruses is exceedingly 
small. 

ECHO viruses are not infrequently found in the stools of healthy 
young childroi, but the significance of this finding is not yet dear. 
There is little evidence to suggest that they are intestinal commensals 
and it is more probable that they are carried for undefined periods after 
mild or inapparent infections. 

Epidemiology.— ECHO viruses occur in all parts of the world. 
They are found more frequently in children than in adults and are more 
prevalent in the summer and autumn months in temperate climates. 
The method of spread of the viruses is the same as that of the pdioviruses 
wd they are widely and rapidly disseminated wh^ hygiene and sanita- 
tion are poor. In dosed communities of diildren and in sdiools frte 
vinises are transmitted easily so that almost inedttddy a very lu^ 
proportion cd individuais are infected and excrete the virus. 

All the ECHO ;9pes, with the exertion of ^rpes 15 and 17, have 
assodated widh sporadic cases of aaqkic mra^tis or one the 
other disease patterns already mentioned. In the emq>tive fevers 
caused by types 9 and 16 the aetiolt^ictd relationship bdweea dhe rash 
and the ini^ve ^imt is wdl estaolidred. A nunflber of the 
Qotably 4, 6, 9, 16, 20 and 28, have ccnisiderdtle epidemic poincdiiimea 
(Sabin, I960). 

£(^0 9 epidemics have beat oonunon in Europe and North 
Ameiica and have tdeen the form of large outhreaka of a diaeaie lypicafly 
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characterised by a triphasic fever, a sore throat, an exanthem in the 
form of macular or maculopapular rash on the face, nedc and chest, and 
in 56 per cent., on the trunk and extremities. A minorily of patients 
showed clinical signs of meningitis but many without distinct clinical 
signs showed a pleocytosis of the cerebrospinal fluid. On cme occasion 
ECHO 9 was recovered from the medulla of an infant who died in 
coma. 

ECHO 16 q)idemics have been called “Boston Fever” after the city 
where the illness was first reported. Clinically the infection starts with 
a sharp fever, abdominal pains and a mild sore throat. Commonly in 
children there appears, 24^8 hours after defervescence, a ph^ discrete 
macnilar or maculopapular rash mostly on the face, chestj and back. 
Aseptic meningitis is unconunon. 

ECHO 4 and 6 epidemics have been associated with collpsiderable 
outbreaks of aseptic meningitis in children and adults. 

ECHO 18 has been recovered from the faeces of many inf^ts in an 
outbreak of diarrhoea. The children had no rash and no involvement 
of the central nervous system or meningeal reaction. 

ECHO 20 was recovered from the throats of children suffering 
from cold-like illnesses and respiratory tract infections. 

ECHO 28 or the J.H. or 2060 virus is the cause of a common cold 
illness and has been the cause of epidemics amongst army recruits in the 
U.S.A. 

Laboratory Diagnosis. — ^ECHO viruses are readily isolated from 
throat swabs, stools or cerebrospinal fluid; they are present in 80 per 
cent, of cases in the faeces for two weeks after the onset. The procedure 
is that described for poliomyelitis and involves the inoculation of 
monolayers of monkey kidney tissue cultures. Human amnion cdk 
may be used, but HeLa and other continuous lines of human cells are 
unsuitable. Strains are identified by testing first against pools of known 
antisera and then by neutralisation by a single type specific antiserum 
(Hambling, Davis and Macrae, 1%3). Infections wifli more than one 
ECHO type can sometimes be revealed by the different types of plaques 
produced in monolayer cultures. Serological tests are burdensome, 
and unless there is some indication of the prevailing ^e it is often 
impractical to set up the many neutralisation tests requir^. 

Other Enteroviruses. — ^ECHO-like 'Viruses have been ftequ^tly 
isolated from animals. Monkeys appear to carry them asymptmnatically 
and their presence is frequently detected by a qrtopathic effect observed 
in uninoculated monkey kidney tissue culture cells. Often ffie cells 
show marked vacuolation and the viruses responsible have been knovm 
as “foamy agents”. There are at least 25 enteric cytt)|Mth<^l«^ 
moirikey orphan (ECMO viruses). Similar agents have been recovMcd 
frcanb^nes^E^O viruses) and from swine (ECSOvirusra). Further 
investigation is required iirto the relarionship of ffiese aninul 
to human entoic vinmes and the possibUity of theh transfer front 
hotttoanoth^i 
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COXSACKIE VIRUSES 

The third group of the enterovirus family contains the thirty Cox- - 
sackic viruses which cause such diverse illnesses as as^c meningitis, 
epidemic myalgia or pleurodynia, herpangina and neonatal myo- 
carditis. 

Properties of the Viruses . — ^The virus particles are 25^-35 mju in 
diameter. One strain (group A t 3 rpe 10) has been obtained in a hig^y 
purified state from the carcases of infected mice by a combination of 
the processes of salting out and ultra-centrifugation; its elementary 
bodies when stored at 4° C. formed dodecahedral crysti^ about 100 m/» 
in diameter. The crystals have a high infectivity titre and contain a 
mixture of infective and non-infective units. About 4 per cent, of the 
virus particle is made up of RNA. In their reactions to chemical and 
physical agents Coxsackie viruses do not differ materially frcun other 
enteroviruses. 

The most outstanding characteristic of the Coxsackie viruses is their 
pathogenicity for newborn mice and hamsters. It is during the first 
48 hr. of life that these animals are fully susceptible to infection; 
thereafter they acquire a natural resistance and after the age of five days 
they can no longer be infected. By definition Coxsackie viruses are 
unable to infect adult mice. Two broad groups of the viruses have been 
made according to the histological nature and the situation of the lesions 
they produce in mice. 

Group A viruses, of which there are 24, cause a single lesion, a 
widespread severe myositis involving skeletal muscle throughout the 
whole body. The principal muscles to be involved are those of the hmd 
limbs, and in life the. mice appear to have a flaccid paralysis. Usually 
the signs of infection appear four or five days after inoculation and 
progress until the animal dies four or five da}rs later. 

Group B viruses, of which there are six, cause widespread lesions in 
many organs. The myositis produced is characterised focal lesions 
and gives rise to tremors, incoordination and a paralysis resembling tire 
spastic type. The viruses also cause areas of necrosis in the brown fat 
lobules, especially those in the interscapular and cervical pads of Inrown 
fat. They also cause meningoencephalitis and pancreatitis. The 
incubation period of group B infections in mice is prolonged and 
symptoms n»y not be obvious until the tenth day after inoculation. 
Inoculated mice must be kept under observation for three wedts. 

Haema^bOmatim . — ^Types A 27 and B 3 agglutinate human group 
0 cells and type A 7 will agglutinate fowl celb which are sensitive to 
the vaccinia haemag^utinin. 

Cultivation . — ^Tissue cultures are of limited value in isokting tiie 
viruses. Types A9 and B 1, 2, 3, 4and 5 g^w weSiainotdEey lc^Qey 
monolayers and produce a cytopatiuc ^ct reaeinbhng tiutt of tilth 
ptiiomyditis visuses. TlMse strains do no€ produce a cytqpaitfaae effect 
A human am^n or diploid oe&. Types All, 13, 15 and 18 wiffi ptow 

HeLa bift not in motdnsy Udney ce&. In goiienl, however; the 
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qrtopathic effect in HeLa cells is varud>le and slow to develop. Ex- 
plants of human uterus in plasma dot cultures are susceptible to ffiose 
strains which grow in monkey kidney cells. T 3 rpes A 1, 2, 4, 5, 6, 19 
and 22 do not produce« cytopathic effect in tissue culture and to isolate 
them it is necessary to inoculate inffint mice (Wenner and Lenahan, 
1962). 

In monkeys Coxsackie viruses do not produce clinical diseases, but 
after inoculation a viraemia is developed and later the virus is excreted 
for several wedcs in the faeces. Types A 7 and A 14, however, oossess 
the power to cause a mild paral 3 ^is in monkeys with lesions in the 
central nervous system resembling those of poliomyelitis. Typei A 7, 
which has caused paralytic disease in man, is identical with the Russian 
AB IV strain which was at first thought to constitute a fourth type of 
the poliomyelitis virus. \ 

Antigenic Characteristics . — ^Thirty antigenic types have been defmed 
by cross-neutralisation tests in mice or tissue culture, and crW 
complement-fixation reactions. Twenty-four have the pathogeniaty 
of group A and six the characters of group B. Each of the six group 
B types are subject to antigenic variation and sera from convalescent 
cases may show heterotypic responses. Coxsackie A 9 is intermediate 
in some of its properties between the ECHO and Coxsackie groups and 
has some antigenic relationship with A 23 and ECHO 9. 

Pathogenesis. — Coxsackie viruses are widespread in alimentary 
tracts of children and young adults and are disseminated in the summer 
and autumn months to a considerable proportion of children, espedally 
those living under unhygienic conditions. The viruses are present in 
the gut for short periods, sometimes as little as a week, and are excreted 
in the faeces and have been recovered from sewage and flies. Their 
association with human infection is seen in the table on p. 439. 

Clinically aseptic meningitis has the same manifestations whether it 
is caused by the Coxsackie, ECHO or poliomyelitis viruses. It is dis- 
cussed former on p. 441. Epidemic myal^a or Bornholm disease, 
so-called because it was first described on the Danish island of Bom- 
holm, is characterised by fever and the sudden onset of agonising stitch- 
like pains in the muscles of the chest, epigastrium or hypochondrium. 
Although the disease is most frequently recognised in its epidemic 
form, many sporadic cases also occur. Epidemic myalgia may be 
compficated by pleurisy and pericarditis. Herpangina is a sudden 
fev«i^ illness of young children; the lesions in the mouth ue hi^y 
characteristic and consist of papules on the anterior pillars of die fauces 
which soon become vesicles and finally shallow ulcers with a greyish base 
and a punched-(mt edge. In newborn infants severe and oftm fiital 
myocarditis has been reported and the causative virus has been fotind in 
high concentrations in the myocardium at auto{»y. It may be that the 
newborn bat^ aojuires the virus from its nu^er, and ^t, like die 
infant mouse, it is highly susceptible to infection. 

1 Coxaat^ B viruses are able also to produce myocarditis in adtdts 
(ff aB age grchip but dus occurrence bmndirarca' than in hrfanti; ; 
In tM lespiratory tract Coxsackie A 21 (COE) has caused cqndraiica 
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of colds in (^ps of military rei^ts and B strains have been associated 
with acute infections, bron^diitis, and pneumonhi in young diihlnRu 
“Hand, foot, and moudi” disease presents as painM stomatit& ividi 
a veucular erruption on the hands and feet. Typically it lastB for about 
a week (sometimes less); the majority of cases are seen in the summer 
in children aged 1-10 years. 


Clinical Syndrome 

Poliovirus 

Types 

Coxsackie Viruses 
Types 

ECHO 

Viruses 


A 

B 

Types 

Neuronal damage 
Paralysis, sustained 
Paralysis, transient 

1,2,3 

1, 2,3 

4,7,9,23. 

2,9. 

3, 4, 5. 

2,4,9,11,13,16. 
1, 9, 16. 

Encephalitis 

1.2,3 

— 

3*. 

9, 19. 

Aseptic meningitis . 

1.2,3 

2, 4, 7, 9, 

1.2, 3,4, 

1. 2, 3, 4 *, 5. 

Enteritis . 


23*. 

5*, 6. 

6*, 7, 9*. 11, 

1 12, 13, 14, 15, 
16, 18, 19, 20, 
21, 22, 25. 

6*, 8, 11. 14. 

i 

Herpangina 


2,3,4, 5, 

_ 

18, 19, 20, 22, 
23, 24, 28. 

Epidemic pleurodynia 


6, 8, 10. 

1. 2*, 3* 


(Bornholm disease) 
Colds and respiratory 


21* (COE). 

4*, 5*. 

1, 3. 

vM 

WH 

00 

so 

illnesses 

Myocarditis 

1.2,3 

■ - 

2, 3, 4, 5. 

22, 25, 28*. 

Pericarditis 

— 

— 

2, 3, 4, 5. 


Rashes, maculopapular 
or vesicular 


taHM 

1, 3, 5. 

2. 4, 6, 9*, 14, 
16*. 18. 

**Hand, foot and 
mouth disease** 

— 


— 

— 


The relationship between enteroviruses 8erot)rpes and ditucal qrndromes. 
Figures in heavy type indicate the conunoner serotypes. 

An asterisk indicates struns known to have been associated with epi* 
demies. 


Epidcaiuology. — ^Aseptic meningitis, ^idemic myalgia Mdherpao** 
gina all occur characteristically as epidemi^ "Pie pe^ modraoe^ 
usually in the summer months and large epid«mcs may occur. In 
summer of 1951 a wide^read epidemic df Bornholm disease occu^ea m 

Great Bxi^ and in 1959 a higii inddenoe of asqptic menit^B 
CknaiaeJoe viruse® vwHt reported Ml' Scodand. Usudly'hdf 
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involved in epidemics are under the age of ten years and three-quarters 
under twenty. Herpangina is seen in very young children under five 
years of age in day nurseries and kindergarten schools, where it spreads 
rapidly. Sporadic cases (tf all the clinicd forms of infection occur and 
often the patients are young adults who have acquired the infection 
presumably from family contacts. For a review of the Coxsackie viruses 
see Plager (1962). 


Laboratory Diagnosis 

Virus Isolation . — ^The virus can readily be isolated from throat swabs 
or faeces during the first two weeks of the infection and cani also be 
recovered from the cerebrospinal fluid from cases of aseptic memingitis. 
Stools and throat swabs are treated with antibiotics and clanfied by 
slow centrifugation in the manner used in isolation of the poliomyelitis 
viruses. The first step is to inoculate monkey kidney tissue cultures 
and HeLa cells. Human anmion cells may also be used but the uruses 
do not grow readily in them on primary isolation. C 3 ^opathogenic 
agents growing in these cultures will include all the group B types and 
group A type 9. If this procedure yields no virus the specimens should 
be inoculated into mice no older than 48 hours by the combined intra- 
cerebral and intraperitoneal routes. The optimum age of mice for 
inoculation is 24 hours for group B and 48 hours for Group A viruses. 
Subsequently viruses will be placed in their appropriate groups accord- 
ing to the histological appearances of the lesions they produce. ' The 
causal relationship of a newly isolated virus to the illness should be 
confirmed by demonstrating a rising titre of homologous antibodies in 
the patient’s serum. The final identification of the numerical serotype 
is carried out by neutralisation tests in tissue cultures or, if this is not 
possible, in infant mice. The procedures are burdensome, for there are 
thirty possible t)rpe-specific antisera to set against the unknown virus 
and, unless some information is available as to the prevalent infecting 
type, it may require much time to complete the task. 

Serological Tests . — Neutralisation and cx>mplement-fixation reactions 
may be of value provided that the first serum has been taken within 
three days of the onset of the disease. Again the large number of viruses 
in the group often makes these tests impractical unless there is some 
clue as to the nature of the prevailing virus. 


REOVmUSES 

Viruses of this group were at first classified as ECHO 10 but subse- 
quently it was found that their larger size and other properties exduded 
them from the ECHO group. They were first called “Respiratory 
Enteric Orphan” viruses by Sabm (1959b) and tht initial letters of this 
phr^ gives the name REO. De^ite frie name, however, the patko- 
gaudty of REO virus for man has not been dearly estdilished. Al- 
they have been isolated frequently from body secrdions tofl 
eiKz^ons &eir pathological effects are questionalifle. They hsve been 
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recovered from cases of diarrhoea in children and less frequently ftom 
mild febrile upper respiratory tract infections (Macrae, 1962). 

Prt^erHes of ^ viruses . — ^The virus particle is 70 mjx in (Sameter 
and icosohedral in shape. The RNA core is enclosed in a capsid com- 
posed of 92 spherical capsomeres. All the REO viruses agglutinate 
human Group O erythrocytes. There are three serological types dis- 
tinguished by haemagglutination inhibition tests; all three ^lare a 
common complement-fucing antigen. 

Cultivation . — The viruses grow well in monkey kidney tissue 
cultures in which they produce characteristic RNA-containing intra- 
cytoplastic inclusions. Strains isolated in tissue culture can be adapted 
to growth in suckling mice. The type 3 prototype strain sets up a fatal 
infection characterised before death by jaundice, a typical oily appear- 
ance of the fur, ataxia and peritonitis. 


Aseptic Meningitis 

Physicians are familiar with an acute feverish illness in which all the 
classical signs of meningeal irritation are present and yet the cerebro- 
spinal fluid is bacteriologically sterile. The condition has been known 
as “abacterial”, “serous”, “virus”, “lymphocytic” and “benign”, but 
no one term is precisely accurate and the name “aseptic” is retained 
on the ground of common usage.' The cell count in the cerebrospinal 
fluid is raised and figures between 50 and 2000 per cu. mm. have been 
recorded. The cells are predominantly lymphocytes and no bacteria 
can be seen in stained smears or obtained in culture. The protein 
content is always raised, usually to 80 or 100 mg. per ml.; the figure 
may, however, be as low as 50 mg. per ml. and the increase may not 
be apparent until several days after the onset of infection. 

It must be remembered tliat this clinical syndrome may be associated 
with bacterial as well as viral infections. Tuberculous meningitis, 
middle ear disease, subdural abscesses, leptospiral meningitis, and even 
pyogenic meningitis under antibiotic therapy can all be associated witlx 
such a clinical picture. 

Primary virus infections giving rise to aseptic meningitis are caused 
by poliomyelitis viruses (non-paralytic poliomyelitis); Coxsackie viruses 
especially group B; ECHO viruses; lymphocytic chmiomeningitis 
virus; herpes simplex virus; cer^n arbor viruses, e.g. louping ill, 
western equine emxphalitis and russian spring-summer encephalitis. 
In addition aseptic meningitis occurs as a complication of the foUowii^ 
mumps, chickenpox, measles, herpes zoster, infective hepatitis, sandfly 
fever and Jennerian vaccination. 

Teschen Disease 

Teschen l^bease is an acute encephalomyelitis in p^s> The amm ^ 
suffer from flaodd pMal 3 nis and develop letions in the central nervous system 
which.dosdy resemUe timse of human pdiomyelitis. Tte causative vnm 
is 25-^ 'mil in and has many of the ganoid pm^xerties of me 
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poliomyelitis viruses. It is, however, completely distioct autigeuically snd 
represents a unique type. The virus is excreted in the faeces and infect^ 
follows ingestion of contaminated food. Tesdien disease is widespread on 
the continent of Europe, espedally in Poland and Czechodovalia, but ks 
not been reported elsewhere. Sporadic cases of a similar though milder 
disease due to the related Talfan virus have been reported in Great Britain. 
The ^nrus can be cultivated in pig or monkey kidney cells in which it produces 
a cytopathic effect like that of the polioviruses. 
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CHAPTER 35 

VIRAL HEPAimS: INFECTIOUS MONONUCLEOSIS 

Viral hepatitis indudes two human diseases udiose relationship to eadi 
other is still in doubt. Infective hepatitis and serum hepatids (hmno- 
logous serum jaundice) are botii characterised by the same clinical 
features of fever, nausea, malaise and jaundice. In both diseases severe 
degenerative changes occur in the parenchymal cells of the liver and 
marked impairment of hepatic function results. Usually, healing is 
remarkably complete and normal function is restored, but in a small 
proportion of patients relapses occur and occasionally the end>result may 
be multilobular cirrhosis of the liver. 

Infective h^atitis, or to use its older name “catarrhal jaundice”, is a 
disease of children and young adults. It occurs endemically and more 
characteristically in epidemics in institutions, schools and in military 
camps. The virus is excreted in faeces and infection follows the inges- 
tion of contaminated food; under conditions of communal living spread 
is facilitated and epidemics may occur. 

Serum hepatitis is contracted when the virus is injected into a suscep- 
tible person ; it occurs only after the injection of human serum or blood. 
Virus A is the name given to*the agent assodated with infective 
hepatitis and virus B is associated with serum jaundice. 

Properties of the viruses , — Different workers have claimed to. have 
cultivated the viruses but their results have not so far been consktendy 
reproducible in other laboratories. Amongst these claims, which all 
await confirmation, is that of Rightsel et oL (1961), who observed a 
cytopathic effect when a line of human cancer cells (Detroit 6) was 
inoculated vrith icterogenic serum or plasma. These workers who 
claimed the isolation of three serotypes of the virus, stated that it \ras 
12-18 TOfi in diameter, and reported that it survived after 30 min. at 60** 
C. The oral administration of one of the isolates failed to rqiroduce the 
disease but paroiteral inoculation of human volunteos was followed by 
hepatitis. Davis (1%1) found, in the sera of 14 of 22 diildren will 
infectious hepatitis, agents which produced a cytopathic effect on the 
cells of a line oi human embryonic lung and showed that were not 
known enteroviruses. Hillis (1962) recovered from the serum of 2 of 
12 cases of acute hepatitis an «^ent which had a destructive effect on 
growing chimpanzee kidney cel». 

Because the only known susceptible host has be^ num, much the 
knovdec^ie that we have of these viruses has been obtained ftrom ^dies 
on human volunteers. 

Virus A. Ir^ectke The nze <ff the virus particle is not 

known although it has ^ved to be able to pass tmough a 
£K filter. Tim virus can be pi«8(»ved fcv long periods in die fraaen 
«tate~«^. 18 months -20** C It survives heat at 56** C for 30 
nshi. and w^habinds ddmme at a concentration of one part per mfflkai 
iw ^hdo. < 1^10 per cent ether at 4” C 
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or parenterally to human volunteers the disease devdops in 17-30 da 3 r 8 
and the virus is present in the blood and faeces in the pre-icteric and 
early icteric phases of the illness. 

Virus B. Serum Hepatitis . — ^The virus, according to filtration expdi- 
ments, is 26 m/i or less in diameter. It survives storage at room tem- 
perature for six months and can be kept at — 20° C. for over four years; 
it is also -well preserved by freeze drying. It has survived heat at C. 
for four hours. Ultra-violet light has failed to inactivate the virus in 
plasma. The virus is not affected by 0*25 per cent, phenol, 0*05 per 
cent, merthiolate, nitrogen mustard in a concentration of 50 mg. per 
litre, or 10 per cent, ether. It is inactivated by beta-propiolactone in a 
concentration of 4 g. per litre, and by sulphur mustard in 4 0*005 M 
concentration. 

Pathogenesis. — The only source of infective hepatitis is Wn; the 
virus is pr^nt in his blood and intestine during the incubation period 
as well as in the pre-icteric and icteric phases of the acute illn^. It is 
probable that most patients excrete the virus in the faeces for about one 
month after the onset but some, espedally infants, may be faecal 
carriers for several months. The virus is also present in the blood 
stream, where it is known to have persisted for as long as eight months. 

The only known source of serum hepatitis is human blood or serum 
or their products, and transmission occurs solely after the injection of 
these substances. When the donor of the blood or serum is traced it is 
seldom possible to elicit a history of previous jaundice. Sometinies the 
donors suspected as being the original source of infection develop 
jaundice many months later. 

Minute amounts of blood or serum, as little as 0*01 ml., have often 
been known to have transmitted serum hepatitis. The disease develops 
after a remarkably long incubation period, which on average is about 
80 days but may be as short as 40 days or as long as 160 days after the 
injection. The duration of infectivity following the jaundice is not 
known. In many cases the virus is in the blood for many months after 
recovery and long after the liver function tests have again given normal 
results. The longest recorded period for a person to have carried the 
virus in the blood is five and a half years. Patients with serum hepatitis 
do not seem to excrete the virus and their inunediate contacts are not 
liable to contract the infection. 

E^demiology 

Infective Hepatitis exists throughout the world. It is essentially a 
disease of children and 65 per cent, of cases occur between the ages of 
5 and 15. In yoimg children, the disease may occur as an inapparent 
infection {e.g. in nursmes) or may manifest itself as an attack of diar- 
rhoea. Th»e is a seasonal trend widi increased prevalence in the 
autumn and winter, Oufftreaks in institutions, schoob, mental ho^itals 
and orphanages are commtm; often ffiere is a dtaracteristic interval of 

&ree to four weeks between the appearances of small crops of cases and 

ffiis sequmce may continue for num^ m even years, tavciving new 
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members as they join the community. A similar sequence of infections 
is a fomiliar occurrence in hur^ famiKes. The disease has s spupc^ 
tendency to widespread epidemics amount troops under wartime con- 
ditions. In the Mediterranean dxeatre in the Second World War, many 
thousands of young soldiers suffered from a severe form of infective 
hepatitis. Conununal living, poor sanitation and transfer by flies were 
all factors which aided the spread of infection. There ate miny ex- 
amples of explosive waterborne epidemics, and many have 

followed the contamination of foodstuff by carriers. Shellfuli, e.g. 
oysters and mussels, have been responsible for large-scale epidemics. 
It must also be remembered that, like serum hepatitis, the infection 
can be transmitted by the use of syringes and needles contaihinated 
with blood. The subject of infective hepatitis is studied in detail by 
MacCallum et al. (1951). 

Serum Hepatitis . — On repeated occasions serum hepatitis has 
occurred in hospitals and clinics where s)rringes and needles were used 
without sterilisation between each inocubtion. Since the introduction 
of proper cleaning and sterilising methods such outbreaks are rare and 
occur only when faulty technique prevents the destruction of the virus. 
In venereal clinics so-called “arsenical jaundice’’ in patients receiving 
courses of intravenous injections for syphilis used to be a common 
complication; for many years it was thought to be a true manifestation 
of the arsenical treatment, but when regular routine daily sterilisation of 
all syringes was introduced the condition virtually disappeared. Serum 
hepatitis has followed blood transfusions and more often the use of 
plasma and pooled serum but very rarely after the use of human gamma- 
globulin. Human serum has sometimes been used as a constituent of 
suspending or preservative solutions for yellow fever virus vaccines and 
on at least two occasions big epidemics of hepatitis occurred in service 
personnel receiving the vaccine. 

A Comparison of IirfecUve and Serum Hepatitis . — The very con- 
siderable differences between these two diseases are shown on page 446, 
and they are sufficient to surest that the causative viruses A and B are 
separate entities. The fact that a patient who has recovered from 
infective hepatitis can still contract serum hepatitis and vice versa 
would support this view; but whether this repres^ts two distinct 
viruses or antigenically dissimilar variants of the same virus is quite 
unknown. 

Infective hepatitis is an example of the familiar pattern of ^ 
natural history of many infectious diseases of man. Serum hepatitis, 
however, is quite different, for it is obviously an artificially induced 
condition; it caimot be produced by the ingestion icterogenic s^nim 
and follows only after needle puncture. The condition is not con* 
ti^ous and the virus is not found in the stools. If simim hepatitis is a 
diMinct entity tha% should be some means whraeby it is spread natsoslfy 
but this so far has eluded dhservation. Bumet ^9*^) bttt suggested 
tiiat ttm virus may be tnmaiDitted firam parent to oxEqp|Wg tranqplioeid- 
ally aod titat as s consequence tiie new host has an hmaxioMdMarsaKia 
totiie vutiabutrotMunsaponi^ent carrib:. ^ j . 
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A Comparkoa o£ Infective Hepat^ and Semin liqpatitii 


Disease 

Infective Hepatitis 

Serum Hepatitis 

Virus 

A 

B 

Infecdousness • 

Contagious. 

Not contagious. 

Incubation period 

15-40 days. 

40-160 days. 

Onset 

Acute. 

Insidious. 

Fever 

Over 100“ F. 

Low-grade. 

Age .... 

Children and young 
adults. 

Any age. 

Virus in blood . 

Three days before onset 
and in acute and con- 
valescent phases. 

In incubatidn period 
and acutemhase. 

Virus in faeces . 

In incubation period 
and acute phase. 

Not present.! 

Longest known dura- 
tion of carrier state: 

\ 

{a) Blood . 

8 months. 

5 years. 

(b) Faeces • 

16 months. 

Not present. 

Route of successful 
experimental trans- 


mission . 

Oral and parenteral. 

Parenteral only. 

Seasonal incidence 
Prophylactic value of 

Autumn and winter. 

All the year round. 

gamma globulin 

Good. 1 

Ineffective. 

Immunity: 



(a) Homotypic 

Present. 

Uncertain* 

(6) Heterotypic 

None. 

None. 


Both types of hepatitis have indistinguishable clinical manifestations 
which may vary from the severe to mild and silent forms. In both the 
virus has been shown to be present in the blood in the presymptomatic 
period. Virus B, for instance, was demonstrated in the blood of one 
patient no less than 87 days before he developed the first symptoms of 
illness. It is therefore apparent that blood from supposedly normal 
donors who have never had hepatitis, may yet contain Virus A or 
Virus B, or both. 


Prophylaxis and Control 

It^ecHve Hepatitis . — ^An outbreak of the disease in sdiools and in* 
stitutions is often largely due to poor personal hygiene and inadeqwte 
sanitary arrai^ements. All the hygienic measures whidbi are required 
tof^trol the spread of pathogenic intestinal bacteria should be enfmoed. 
It is of importance to nudm every effort to ensure that virus carriers do 
not act as food handles. All neetUes, syringes, blood*coiuiting pipet^ 
and that may have been in contact wi& pntients with iwective 

l»^titis should be autoclaved. Pamveprotectimii^pinstcIlBicalihlSec* 
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tion may be conferred up to six days bdbre the onset of symptoms by 
the use of gunma globulin (Moseley, Spews & Chin, 1963). The dose 
recommended for persons of the age of seven and over is 0*5 g. and iot 
children below this age 0*25 g. 

Serum Hepatitis .— who have had jaundice should not be 
used as blood donors. Persons without a history of hepatitis, however, 
may have the virus in their blood and the problem of malang Idood and 
blood products safe for transfusion has not yet been cmnfdet^y scdved. 
Exposure to ultra-violet light and treatment with nkrogeU mustard 
have been recommended but are not alwa 3 r 8 effective in killing die 
virus. The addition of beta-propiolactone and sulphur-musUurd (2,500 
mg. per litre) and storage for 6 months at 70° F. have given more 
encoun^;ing results. When pook of plasma are made and stored for 
use later, ^e risk of contaminating large volumes should be redu^d 
by taking into each pool the plasma of not more than five donors. All 
transfusion apparatus, syringes, needles, blood-counting pipettes, 
lancets, etc., must be autoclaved before use. Such sterile precautions 
are required not only in transfusion work but in haematological, diabetic 
and venereal disease clinics, and indeed should be employed whenever 
the skin of a patient is punctured. Gamma globulin has been found 
to give no protection against serum hepatitis. 

Laboratory Diagnosis 

There are no specific laboratory tests that can be used to detect the 
virus or its antibody. Some help may however be obtained from bio- 
chemical tests of liver function and estimation of serum transaminase has 
proved valuable in this respect. Many unusual serological manifesta- 
tions are found in infective hepatitis and serum jaun^ce. Amoi^t 
these false positive Kahn and Wassermann reactions are frequent. 
About 70 per cent, of serum samples from cases of acute infectious 
hepatitis are able to agglutinate the erythrocytes of one-day-old diick 
embryos to a litre of 1 in 80 or above, and erythrocytes of rhesus 
monkeys at thres of 1 in 128 to 1 in 2048. These haemagghitination 
tests are of some limited diagnostic value because positive findings 
seldom occur in obstructive or toxic jaundice (McCollum et a/., 19^; 
Havens, 1960; Schmidt and Lenette, 1%1). These reac^ons are nM 
directly associated with action of the infectious hepatitis virus, and it is 
probable that the altered processes of protein production, occasicmed by 
severe liver damage, result in the production of abnormal, globulins 
which react with a wide variety of d^erent bacterial and viral an^;em. 


INEECnODS MONONUCLEOSIS 

Infectious mtmonucleosis or glandular lever is an acute leveciidi 
illness chuactecised by nudaiae, sore diioat, n^laraeineiit 
g^ds, « nu^midear tdood picture and betetqihile cufibodNi m 
blood. Uverloiaction te^ indicate that Him duni^ is 
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present. In about 40 per cent, of cases the ^leen is palpable, and in 
about 10-20 per cent, a rubelliform rash is seen; jaundice and mmingeal 
symptoms are rare complications but evidence of hepatitis can be elicited 
by liver function tests in the vast majority of cases. Three dinical forms, 
anginose, glandular and febrile, have been distinguished according to the 
predominant clinical features. The infection occurs most commonly 
among school children and young adults. The disease is often mild and 
probably ambulant undetected forms are frequent ; it is rarely fatal. It is 
not highly infectious, although epidemics have occasionally been 
reported. There is some evidence to suggest that direct contact, e.g. 
kissing, may be a factor in the spread of the infection. 

Aetiology . — ^The nature of the infective agent is unknown, but has 
been thought to be a virus on account of the infectious nature of the 
disease. In general, no laboratory animals can be infected andattempts 
to transmit the disease to man have usually failed. On one occasion 
when 250 ml. blood was transfused from a clinical case to a\ human 
volunteer the typical clinical picture of severe mononucleosis resulted. 
The cultivation of Listeria monocytogenes from the blood of a few cases 
has suggested that this organism may cause the infection in man, but a 
constant association with this or any other bacterium has never been 
demonstrated. 

Laboratory Diagnosis. — Some 50-80 per cent, of patients develop 
heterophile antibodies which can be demonstrated by the Paul-Bunnell 
reaction (see Chapter 54). The characteristic blood picture also helps to 
establish the diagnosis; a relative or more usually an absolute increase 
in the number of lymphocytes, together with the presence of abnormal 
monoi^tes, is diagnostic. A proportion of cases whose clinical illness 
and blood picture conform to those of infective mononucleosis do not 
have a positive Paul-Bunnell reaction and are referred to as “sero- 
negative infectious mononucleosis”. 

Mouse Hepatitis 

Weaned mice doubly infected with the mouse hepatitis virus and Epery- 
throzoon coccoides (a micro-organism related to HaemobarUmeUa) develop a 
fatal hepatitis (Gledhill, Dick and Niven, 1955). Neither agent by itself 
can cause evident illness. In the presence of E. coccoides the virus multiplies 
more abundantly, but the nature of this syneigism is not understood. A 
proportion of normal mice carry E. coccoides and are thereby rendered sus- 
ceptible to virus infection. 

The virus is 80-120 m/x in diameter, inactivated in 30 min. at 56° C. and 
is ether sensitive. 


Hepatitis of Duddings 

This is an acute epizootic disease of young ducklings. It is a schedded 
disease in Great Britain and is a rwidly fatal infection. Only youi% ducklings 
two to three weeks of age are anect^; adidt ducks, fowls and tuikeys are 
reristant Infected ducimngs often die within a fowlers of the onset d the 
daease; at aul»^ the Kver is eidaiged with bseey diu^ and shows si^ 
capsidar petechiae and largo: haemorriu^^ ' No iac&iioos hsW biseti 
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described in the infected tissues. The virus can be isolated from the liver and 
other tissues by egg cultivation. It is 20-40 m/x in diameter and emitains 
DNA. The chick embryo is not killed by the virus, but five days after 
inoculation a greenish discoloration of the liver and a viscid condition of the 
yolk-sac is ckracteristic of the action of the virus, llie virus does not 
agglutinate erythrocytes and is not related to the Newcasde virus. Dudes 
recovered from the disease are resistant to re-infection and their serum 
possesses neutralising antibodies. Active immunisation with vaccines of 
egg fluids or embryo livers has not proved satisfactory. 
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ARTHROPOD-BORNE (ARBOR) VIRUSES 

The term arbor viruses is a convenient abbreviation which is used as 
the name of a large group of viruses transmitted by arthropods. The 
name ARBO- VIRUSES has recently been proposed for these viruses 
because it has no suggestion that these agents are of arboreal origin. 
Members of the group infect man and many other mammals smd birds. 
Arthropods take in the virus when they feed on the blood of an infected 
animal and transmit it to a new host when they take their n«t meal. 
The viruses multiply within the body of the arthropod without damag- 
ing its tissues or producing disease. Those viruses which, like the 
rabbit myxomatosis virus, are merely conveyed mechanically! on the 
soiled mouth parts or legs of the arthropods are by definition excluded 
from the arbor virus group. 

Arbor viruses are most prevalent in those parts of the world where 
tropical heat and rain encourage the abundant breeding of arthropods 
near to susceptible animals. Many of these viruses have complex 
infection cycles involving several vertebrate and invertebrate hosts. 

The arbor viruses, of which over 160 distinct prototypes exist, have 
been divided into groups on immunological grounds (WHO T961). 
At present group A contains 17 types, group B 35, and group C 7; in 
addition there are 14 in the Bunyamwera group and 15 other groups 
each of which contain 2-6 members. There are 42 ungrouped viruses. 

Properties of the Viruses . — The viruses are within the size range 
20-50 aifi in diameter. They contain RNA and some of them appear 
to be spherical and enclosed by a covering membrane. 

Host Range and Cultivation . — The viruses infect many animals both 
domestic such as horses, cattle, sheep, goats, pigs and poultry and wild 
animals including monkeys, many species of rodents, and birds. The 
suckling mouse is the most susceptible of all laboratory animals; adult 
mice may be resistant to infection with some strains by all routes of 
inoculation except the intracerebral. The viruses multiply in the chick 
embryo after inoculation into the yolk-sac or on to the chorio-allantoic 
membrane. They grow readily in tissue cultures of chicken and mouse 
embryo, or in pure cell lines often with marked cytopathic effects 
(Buckley, 1959). It is a characteristic of arbor viruses that in addition to 
growing in the tissues of vertebrate hosts they also multiply in the 
arthropod vector. 

Haetnagghtination . — ^Most members of the group agglutinate the 
erythroc 3 rte 8 of newly-hatched chicks or geese. Optimal.conditions for 
haemagglutination vary for each of the virus groups. 

ViSbUity. — In^aqueous suspensions arbor viruses are unstable at 
rotan temperature; at -20° C. they survive better but tlua« is « slow 
progr^ve loss of infectivity over several months until it is lost at the 
end of about 9 to 12 months. In solid CO* at -79® C. the viruses 
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survive for several years provided that they have been placed in con- 
tainer sealed so that the COg does not gain access to them. Suspended 
in fluids containing serum or bovine albumen these viruses can be well 
preserved by freeze drying. 

Formaldehyde even in very low concentrations, and 20 per cent, 
ether, inactivate the viruses', heat at 60° C. for ten minutes or ultra- 
violet light for ten to thirty minutes kills them. Sodium desoxydholate 
in a 0*1 per cent, concentration inactivates arbor viruses but fail* 
to affect enteroviruses. This is considered to be an ftvolnHing 
property in that no arbor virus has yet been shown to resist this 
chemical. 

The eff^ of the pH of the suspending fluid is of the greatest 
importance in maintaining the infective titre of the virus. The majority 
of these viruses should be kept within the pH range 7-8, and for 
haemagglutination work the optimum pH for each must be deter- 
mined. 

Anttgenic Structure . — There is a considerable degree of antigenic 
sharing amongst the arbor viruses, and they have been classified into 
groups A, B and C and 16 other groups according to cross-reactions 
in haemagglutination-inhibition and complement-fixation reactions (see 
page 452). Antigens for serological reactions are usually obtained from 
the infected brain tissue of newborn mice, but occasionally infected liver 
or serum may be used. The details of the techniques of haemagglutina- 
tion and haemagglutination-inhibition are described by Clarke and 
Casals (1958). 

Pathogenesis. — In a considerable proportion of infections the arbo- 
viruses give rise to subclinical or minor illness but in those patients 
who develop encephalitis the effects are often severe. After an incuba- 
tion period which may vary from 4-21 days there is a sudden onset of 
fever with signs resembling those seen in aseptic meningitis. Marked 
drowsiness or stupor is characteristic and the mortality, which varies 
with different viruses, is between 5 and 25 per cent. In elderly people 
the fatality rate is much higher, reaching 50-80 per cent. 

The pathogenesis of these infections in man has not been well 
studied, but it is thought that the virus multiplies first in an extraneural 
situation and that a viraemic phase follows some two to three days 
before the onset of the clinical illness. In fatal cases there is a severe 
mflammatory reaction most pronounced in the cerebral cortex but 
involving all parts of the central nervous system. 

Epidenuology. — ^To understand the epidemiology of the arbor virus 
infections a knowledge is necessary not only of the organians themselves 
but also of the ecology of the arthropod vectors and non-human hosts of 
the viruses. Human infection is usually only an unimportant incident in 
the perpetuation of the virus in nature. Transmission of the virus from 
one vertebrate to the next may depend on more than one arthn^yod 
species, and several species of animals may be infected by the vechnr's 
bite. TTie chain of infection may simply be: 

Vector- ►Vertebrate host-^Vector-^Vertebeate host 




of tl^ dfthn^Hxi-bonio animal viruses, A selection including the more important^ruse&koown to be associated with 
ioere are, in addition^ about 80 other arbor viruses, some of which are associated^'^nthdise^ of animals and others not yet 
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or again: 


4 

Vector 

Vertebrate host 


Vertebrate host 

I 

Vector 

I 


New host 

I 

New vector 
New host 


>Man 


Vertebrate host 


When the tick is the vector, the virus may be carried transovarially 
through several life cycles before the infection is again transmitted. 

For further details on this subject the reader is referred to larger 
works, e.g. Smith (1959), Rivers and Horsfall (1959), Reeves (1961), 
McLean (1962). 

Laboratory Diagnosis . — The virus may be isolated from the blood 
in the early stages of infection; it is often difficult to recover it from the 
cerebrospinal fluid. The virus may also be found in infected brain 
tissue of fatal cases. Suckling mice should be inoculated intracerebrally 
and intraperitoneally and eggs by the chorio-allantoic method. Tissue 
cultures of chick embryo fibroblasts or HeLa cells may also be used for 
certain strains. Chick embryos can be infected but usually only after 
adaptation. When the virus is recovered from the inoculated mice or 
embryos it is identified in suitable neutralisation, complement-fixation 
or haemagglutination-inhibition reactions. Adult goose erythrocytes 
are useful in haemadsorption tests in tissue cultures. 

Serological tests for antibodies can be carried out using the haemag- 
glutination-inhibition technique but the results are usually only group 
specific because of the common antigens shared by these viruses. Fot 
general diagnostic use the complement-fixation test using infected chidk ' 
embiyo antigens is satisfactory (Lenette et al., 1956). Complonent- 
fixation antibodies develop more slowly than neutralising or haenu^- 
glutination-inhibiting antibodies and thus they offer a better chance to 
demonstrate a significant rise of titre. 


VELLOW FEVER 

Yellow fever is primarily a disease of monkeys and possibly of som^ 
other forest animals. In nature the infection is transnutted from monkqr 
to monkey by forest mosquitoes of the genera Aed^ and Hatmagf^i 
iitan is c^y involved inddentally when he is bitten by an tmeited 
teosqmto. Hie human disease may vary from an almost symptcmdeas 
infection to a sevm jatmihoe witii hamiorrhage and death. YdBotr, 
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fever is now a truly tropical disease and is endemic in large areas of 
equatorial South America and Africa. 

Properties of the Virus . — ^From measurements by filtration the 
diameter of the virus is 17-28 m/i. 

Host Range . — ^The yellow fever virus is pathogenic to all the species 
of South American monke 3 rs but in many species of African monkeys 
it produces only viraemia and mild fever. Most African strains of the 
vmis are highly pathogenic and kill the monkey by causing acute 
necrosis of the liver. Other strains have predominant neurotropic 
qualities but some may cause only a mild feverish illness. Adult mice 
can be infected by the intracerebral route, but not intraperitonpal inocu- 
lation. Infant mice are highly susceptible and can be infected by any 
route of inoculation. Guinea-pigs are susceptible after innacerebral 
inoculation, bpt different strains of the animals vary in their response to 
intraperitoneal inoculation. The rat and the rabbit are completely in- 
susceptible. The virus can be readily cultivated in the chick emp^ryo and 
in tissue cultures of chick or mouse embryos. Serial transfer of the virus 
in mice and other hosts readily modifies its pathogenicity for monkeys. 

There is conclusive evidence that the yellow fever virus multiplies in 
the mosquito. Aedes aegypti becomes infected when it bites a host 
during the first three days of the disease and then after an interval of 
twelve days it is able to transmit the infection. The insect renoains 
infective for life, but the virus is not transmitted through the egg to the 
next generation. Mosquitoes are the only blood-sucking arthropods 
known to play a part in the spread of yellow fever. 

Viability . — ^The virus is extremely labile and is readily inactivated 
by heat and antiseptics. It is also rapidly inactivated if it is diluted in 
normal saline and to prevent this 10 per cent, normal serum or 0*75 
per cent, bovine albumen should be added to the diluent. It survives 
in 50 per cent, glycerol saline at 0° C. for three months but is best 
preserved by freeze drying. It is well preserved at — 76° C. but care 
must be taken to avoid exposme to CO 2 . 

Antigenic Characters . — ^After infection with the yellow fever virus, 
neutralising, complement-fixing and haemagglutination-inhibiting anti- 
bodies appear. The first two of these antibodies are not identical and 
neutralmtion appears some days before complement-fixation. In mild 
infections and after vaccination complement-fixing antibodies may be 
absent although the serum has definite neutralising qualities. Tie anti- 
gen used in the complement-fixation test is prepared from infected 
mouse brain or monkey liver and there is some evidence to suggest that 
it is not the virus itself which reacts but some product derived from the 
infected tissues. From cross-reactions in complement-fixation and 
haemagglutination-inhibition tests the virus has been placed in group B 
of the arbor viruses. It is related immunologically to dengue, Uganda 
S, and Zika viruses. 

Ihithogenesis. — ^After the virus has been injected through the sto 
by the mosquito it spreads to the local Ijrmph glands, where it multiplies. 
After an incubation period of three to four days it invades the blood 
stream and is carried to the liver, spleen, hoot marrow and kidneys, 
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where it sets up necrotic processes. In fatal cases the pathological 
changes seen at autopsy are those of jaundice widi haemorrhage ittto the 
g^tric mucosa near the pylorus, and fatty change of the Uver and 
kidneys. Histologically there is a characteristic coagulative hyaline 
necrosis (the “Councilman lesion”) scattered diffusely throughout the 
liver. The necrotic changes are often most marked in the mid-zone of 
the lobules and are preceded or accompanied by cloudy swelling and 
fatty degeneration. 

Yellow fever virus infection is sometimes accompanied by tike forma- 
tion of acidophilic intranuclear inclusion bodies {Torres bodies)-, they 
do not contain nucleic acid and probably do not consist of virus particles. 
These inclusions partially surround the nucleoli, are variable in size, 
granular in appearance and irregular in outline. Torres bodies are 
frequently found in the liver of the infected monkey but are uncommon 
in human tissues. 

Epidemiology. — ^At one time yellow fever was prevalent in urban 
communities and the virus was transmitted from person to person by 
Aedes aegypti. This mosquito is essentially of a domestic type and 
breeds close to human dwellings; antimosquito measures have now 
eliminated the insect in most towns and “urban” yellow fever has been 
virtually eradicated. 

Yellow fever, however, still occurs in people who live in remote rural 
parts in the tropics. It is referrM to as “Jungle” or “Sylvatic” yellow 
fever and is perpetuated amongst the monkey population by different 
species of mosquitoes. 

Tree-dwelling mosquitoes of the genus Haemagogtis are responsible 
for the persistence of the disease in Central and South America and 
Aedes africamis in equatorial Africa. 

Laboratory Diagnosis 

The virus may be recovered from the blood during the first five days 
of the illness. The serum is injected intracerebrally in mice (preferably 
infant mice) and when the signs of encephalitis appear the animals are 
killed and an emulsion from ^eir brains is prepared. Identification of 
the virus is carried out by neutralisation tests with a specific antiserum. 

Serologically the diagnosis can be confirmed with neutralisation 
tests in adult mice on sera taken early in the disease and again durii^ 
convalescence. A standard dose of a mouse-adapted strain of yellow 
fever virus (the French Neurotropic strain) is r^uired in these tests. 
Neutralising antibodies develop early in the infection and are present on 
the fifth ^y. The antibody response in yellow fever is of two types, 
depending on whether the condition is primary or whether it occurs 
in an individual who has previously been infected with another agent 
beloi^;ing to g;roup B of the arbor viruses. In primary infections the 
antibodies produced are specific and en^le the diagnosis to be made 
with certainty. In superimposed infections antibodk^ wfith wide cross- 
^eactiot» with othn arbor virus appear, and a specific diagnotra is 
virtually imposuble. Complement-fixing antibodies appear later ffum 
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the neutralising antibodies and persist for only a few months; in mild 
infections and after vaccination with the 17D egg-cultivated virus they 
are not developed. The complement-fixation test, however, provides 
satisfactory evidence that infection is due to yellow fever virus infection, 
especially when used on convalescent sera from known cases of primary 
infection (Theiler, 1959). In fatal cases the diagnosis of yellow fever 
may be made from the characteristic histological lesions seen in the 
liver {vide supra). When, for any reason, autopsy is impracticable, 
small specimens of liver tissue for histology can be obtained by the use 
of a viscerotomey which is inserted through the skin of the abdominal 
wall over the liver. 


Prophylaxis 

Vigorous mosquito control measures have virtually eliminated urban 
yellow fever. For protection against jungle yellow fever or foripreven- 
tion of spread from endemic areas prophylactic vaccination is effective. 
The vaccine in general use contains a living attenuated strain of the virus 
(17D) and affords excellent protection; it is prepared from chick embryos 
inoculated with 17D and incubated at 37° C. for four days. The 
infected embryos are ground-up and freeze-dried in ampoules under dry 
nitrogen gas. The vaccine should be stored in the coldest part of a 
refrigerator (the ice chamber) and is reconstituted immediately before 
use with ice-cold physiological saline. Once made up, the virus must be 
used within thirty minutes and an ice-cold syringe should be uied for 
the injections. As the virus is alive only one inoculation is required ; the 
minimum dose of immunisation has been set at 500 LD50 and this is 
contained in a volume of 0*5 ml. It is most unusual for any local 
reaction to follow yellow fever immunisation; but general reaction with 
symptoms of encephalitis have occasionally been reported in infants, all 
of whom have recovered without sequelae. It is usually advised that 
duldren under the age of one year should not be vaccinated unless there 
is a great risk of yellow fever. Immunity is effective by the ninth day 
after inoculation. Full protection is maintained for at least six years and 
in 70 per cent, of persons for nine years. 

It is reco m mended that the vaccine should be given at least four 
days before smallpox vaccination or not until three weeks after a 
successful vaccination for fear of encephalitis. In West Africa, how- 
ever, French workers have combined dried yellow fever vaccine, the 
Dakar vaccine (mouse neurotropic strain) with dried vaccinia virus in a 
suspending solution of gum arabic and have applied it to the scarified 
skin. Satisfactory levels of immunity against both diseases are achieved 
simultaneously, but the incidence of reaction was about 15 per cent. 


DENGUE FEVER 

Dengue is a mosquito-bome virus disease widespread in the tropics. 
The disease is benign but extremely prostrating with lugh fev^, 
intense headache and very severe pain in &e muscles, joints, bones, snd 
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behind the eyes. The fever may continue or may have a remimon after 
the third day with a secondary rise three or four days later giving to 
the characteristic “saddleback” temperature chart. A maculO'papular 
or scarlatiniform rash appears on the third or fourth day and persists for 
about three dajrs. 

Pro^rties of the Virus . — ^The dengue viruses have the gweral 
properties of the family of arbor viruses. They are members irf group 
B and are immunologically related to the yellow fever virus End to die 
Uganda S and Zika viruses. They do not infect the guinea-pig, rabbit, 
or cotton rat, and only cause inapparent infections in monkeys. Some 
strains have been adapted to adult or suckling mice and produce a 
flaccid paralysis in the animals. Other strains have been cultivated in 
the chick embryo, monkey kidney and hamster kidney tissue culture. 
There are at least four distinct immunological types. 

Pathogenesis. — Dengue follows the introduction of the virus by the 
bite of the mosquito Aedes aegypti or of other Aedes species. At the site 
of the bite, a red papule 1-4 cm. in diameter is always present; the 
lesion is characteristic and is the site of local viral multiplication. 
Within 24 hours of the onset of the first fever the virus is in the blood 
stream and the disease begins. In the Philippines, Thailand and 
recently India, infection with types 3 and 4 has been found accompanied 
by a more severe form of the illness characterised by a petechial rash, 
epistaxis and gastrointestinal haemorrhage. 

Dengue occurs in the eastern Mediterranean, Africa, India, the Far 
East and on many islands in the Pacific Ocean. The infection is trans- 
mitted by Aedes aegyptae and certain other species of mosquitoes and is 
perpetuated in a cycle of infection which includes monkeys or man. 
The mosquito becomes infective some seven to ten days after biting a 
dengue patient and remains so for the rest of its life. The virus is not, 
however, transmitted transovarially to the progeny of the insect. It is 
probable that there is a reservoir of infection in mordceys, or in other wikis, 
mammals. When cold weather renders the mosquito inactive, outbreaks 
of dengue cease, and it is only in those parts of the world where warm 
humid conditions persist throughout the year that dengue is constantly 
maintained. 

Laboratory Diagnosis. — The virus may be isolated by the intra- 
cerebral inoculation of suckling mice with blood taken druing toe first 
three da 5 r 8 of the illness. When toe mice die toe virus is identified by 
neutralisation tests with type-specific antisera. If the mice survive, toe 
presence or absence of the virus can be determined by diallenging toe 
animals when they are four to six weeks old with mi intracerebral in- 
oculation of 100 LD50 of a mouse-adapted strain. If the mice are un- 
affected by the challenge they are presumed to have acquired a specific 
resistance from dengue virus in the original inoculum. 

Neutralising antibodies appear within seven days of toe onset of 
fever and complement-fixing antibodies about two weeks later. The 
haemagglutination-inhibition test is, however, toe most useful becauto 
when the oonvdescent phase serum obtained udthin two days <rf 
defervescence is compared with toe acute phase stn^tun, a cleur-cut rise 
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of antibody titre can usually be demonstrated. Antigens of bofh type 
1 and type 2 dengue viruses must be employed in these tests. Great 
care is required in the interpretation of serological findings because of the 
possibility of heterotypic responses following infection by other group B 
viruses. 

Prophylaxis . — Control depends upon the eradication of the mosquito 
vector. The yellow fever (17D) vaccine gives no protection against 
dengue. There is no dengue virus vaccine available for use at present. 


THE nCK-BORNE ENCEPHALITIS COMPLlp 

The majority of arbor viruses in Group B are mosquitq-bome but 
six (perhaps more) are tick-borne, and constitute a family which includes 
the Louping 111, Central European Tick-bome Fever (Russun spring- 
summer encephalitis). Far Eastern Russian Encephalitis, Omsk Haemor- 
rhagic Fever, Kyasanur Forrest Fever, and Powassan viruses.' 

The tick-bome viruses have the same general properties as other 
Group B arbor viruses but with the following special features: — they 
can be cultivated in fertile eggs where they grow in the yolk sac and in 
the embryo, as well as producing pocks on the chorio-allantoic mem- 
brane. Growth occurs in HeLa cells, monkey kidney, human amnion, 
human embryo, chick and mouse embryo cells. Antigenically the 
family are closely related to each other in haemagglutination-inhibition 
tests and there is a lesser degree of crossing with other group B viruses. 

The tick not only transmits infection through its bite but usually 
also constitutes a long-sustained reservoir of infection because it remains 
infected for long periods of time and transfers the vims transovarially 
to successive generations. It is rare for mammals and birds to act as 
natural reservoirs of infection but when domestic animals such as catde 
Mid goats are infected they may excrete the vimses in their milk which 
may convey the infection to man. 

Louping m. — This is primarily a disease of sheep characterised by 
an encephalomyelitis giving rise to cerebellar ataxia and disorder of 
nervous functions. It occurs in Scotland and the North of England and 
owes its name to the peculiar ataxic leaping (louping) movements of the 
animaL The vector is the tick Ixodes ricinus. Cattle, pigs and monkey 
can also be infected. Man is, however, seldom infected and in Britain 
there are only some ten fully authenticated cases, mostly in shepherds 
or laboratory workers. The human disease takes the form of a mild 
meningitis from which recovery is complete. The diagnosis is made in 
the laboratory by isolating the vims from the cerebro-spinal fluid usii^ 
young adult mice inoculated intracerebrally and by neutralisation tests 
for antibodies in the serum, also carried out in mice. 

Central European Tick4xMme Fever (Russian spring-summer 
encephalitis — ^Western form) is a biphasic illness with an influeim-t^c 
onset, follow^ by a period of apyrexia for 4-10 days and culminating 
in meningitis or miningo-encepahalitis. Transient pand 3 i«M are not 
infrequent but complete rccovmy is tiie rule. Mild and iia^pareo* 
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infections also occur. Severe forms, wiA permanent paralysis and a 
fatal bulbo-spinal form, occur infrequently. The vector is ixodes 
fidms. About 60 per cent, of human cases have been attributed tb ^e 
bite of the tick and 23 per cent, to drinking unboiled goat’s milk. 

Far East Ru s s i a n Encep h a l i tis (Russian spring-summer enc^hal- 
itis — ^Eastern form) is due to infection with a closely related virus. Ube 
disease is serious and is commonly followed by flaccid pandysib re- 
sembling that of poliomyelitis, or by the signs of bulbar invoivement. 
The vector is Ixodes persulcattis. 

Omsk Haemorrhagic Fever is caused by an arbor virus trans- 
mitted by the ticks Dermacentor pictus and D. marginatus. The disease 
is the most serious for man of any caused by tick-borne viruses and 
takes the form of a diphasic illness with fever, l 3 rmphadenopathy, gastro- 
intestinal symptoms, and haemorrhages from the nose, stomach, colon 
and uterus. 

Kyasanur Forest Fever is a disease found amongst forest workers 
in M)reore in Southern India. It begins about eight days after forest 
exposure with fever and a falling pulse rate; epistaxis, haemoptysis, 
bleeding from the gums, and other haemorrhagic incidents are common. 
There is a leucopoenia and a thrombocytopeonia. A biphasic form of 
the illness is reported in which, after an afebrile period of 9-21 dajrs, 
there appear signs of involvement of the central nervous system includ- 
ing meningism, vertigo, tremors, and mental disturbance. 

Kyasanur Forest Fever was unknown until 1955 when an epidemic 
of the disease amongst forest workers occurred simultaneously with an 
epizootic in the indigenous monkeys. The vector is the tick Haema- 
physaUs spinigera which disseminates the virus amongst monkeys, many 
of which have mild infections, and also amongst birds. Although 
monkeys form an. important reservoir of infection, other animals, in- 
cluding small rodents and wild jungle birds, may also have this function. 
It is possible that the virus was conveyed to India in the years preceding 
1955 by ticks transported there by migrating birds. 

Potvassan Vims is enzootic in Canada amongst squirrels and chip- 
munks. The vector is the tick Dermacentor and^sotii. 

Prophylaacis. — ^The destruction of the tick vectors of the viruses 
wherever this is possible is the logical control procedure. Otherwise, 
formalin inactivated vaccines containing egg or tissue culture propagated 
viruses have been used with some success to protect personnel obl^ed 
to enter tick-infested areas. 


Sandfly Fever 

Sandfly fever is also known as phlebotomous fever because Ae virus 
which causes it is transmitted by the sandfly Phlebotomus pe^atasu. 
The disease has an abrupt onset with high fever, severe headache, 
muscular adhing, and pain behind the eyes. Photophobia, stifloeM of 
the ba^ and neck, and leucopenia are characteristic signs. There is no 
enceplulitis and ^e cnrebrospinal fluid is normal. Recovery is Com- 
plete vtithin a few days uid fataUty is almost unlmown. The dneaae 
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occurs commonly in countries bordering the Mediterranean and is seen 
also in Kenya, £g 3 rpt, Russia, China and India. 

The sandfly fever virus is introduced by the female phlebotomus 
and an itching papule appears at the site of the bite. After an incubation 
period of three or four days the virus is liberated into the blood stream, 
where it may be found a day before and a day after the onset of the 
clinical illness. 

The Properties of the Virus . — ^The diameter of the elementary bodies 
is 17-25 m/t. The virus agglutinates chick erythroc 5 rtes at 37° C. at 
pH 5*5-6'5 provided an alcohol soluble inhibitor is removed. It can 
be propagated in the brains of suckling mice by intracerebral inoculation. 
It can be cultivated in tissue cultures of human, monkey,! hamster or 
mouse kidneys. Laboratory animals including monkeys and the chick 
embryo are not susceptible to the infection. Two distina antigenic 
types, the Naples and the Sicilian strains, have been distin^shed by 
Sabin (1955) and are not related to other groups of the atbor \^ses. 

The diagnosis of sandfly fever is usually made on clinicar and epi- 
demiological grounds. Specific proof of infection with the sandfly 
fever virus can be obtained by isolation of the strains in suckling mice 
inoculated with blood taken on the first day of the fever. Further 
confirmation may be obtained by the demonstration of rising antibody 
titres in neutraibation, complement-fixation and haemagglutination- 
inhibition tests. 

Phlebotomus papaiasii is only about 2 mm. long and is able to pass 
through the mesh of ordinary screens and mosquito nets. Control 
measures are directed against the vector and comprise the regular and 
systematic application of DDT to the breeding grounds of the 
phlebotomus. Insect repellents such as dimethyl phthalate used at 
night are useful in preventing the disease. 

Rift Valley Fever 

This disease, which is also known as enzootic hepatitis, was first 
described by Daubney and Hudson in 1931 in Kenya, where there was 
an extremely severe epizootic amongst lambs. Most of the lambs died, 
but many of the ewes recovered. Native shepherds and European 
investigators of the epizootic developed a dengue-like fever with severe 
back pains. 

The Rift Valley fever virus is about 23-35 m/x in diameter. It can 
be grown in fertile eggs and in tissue cultures of the suspended ceU type; 
sarcoma cells of rat and mouse origin and fibroblasts from human and 
murine sources are susceptible. The infection can be transmitted by 
blood, liver or spleen tissue from infected sheep to cattle, mice, field 
voles, dormice and squirrels. Rabbits, guinea-pigs, birds and reptiles 
are not susceptible. The virus has the property of haemagglutination 
and has been designated as an arbor virus but it does not fall into any 
group. 

The disease in lambs is characterised by marked necrosis of toe 
liver with haonorrhages into other organs. Inclusion bodies are 
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numerous in the liver. In man the disease is mild and resembles dengue 
with a typical “saddleback” temperature chart. 

Rift Valley fever is transmitted by the bite of mosquitoes; three 
species of Ae^ and several species of Eretmpodites transmit the virus 
to sheep and bovine, murine and human hosts. 

The diagnosis may be made by the inoculation of suckling mice with 
blood taken from a case during the first 24 hr. of infection. When 
the infected animals die, the virus is identified by the characteristic 
lesions it produces in the liver and by neutralisation with specific 
antisera. In convalescence the diagnosis can be made by demonstrating 
the development of neutralising, complement-fixing, andhaemagglutina- 
tion-inhibiting antibodies. The results of these tests are remarkably 
specific and there is very little tendency to overlap with other arbor 
viruses. Antibodies to the virus appear as early as four days after the 
onset of the clinical illness and they persist for as long as twelve years 
after recovery. 


Arborvirus Infections of Animals 

There are arbor viruses which do not appear to be pathogenic for man but 
which cause epizootics and serious economic loss in domestic animals. 
These diseases include African horse-sickness and Blue tongue in sheep, both 
of which are midge-borne {Culicoides ^spp.) and also Nairobi sheep disease 
which is transmitted by the tick Rhipic^halus appendiculatus. 


REFERENCES 


Buckley, S. M. (1959). Propagation, cytopathogcnidty, and haemagglutination- 
haemadsorption of some arthropod-borne viruses in tissue cultures. Am. N.Y. 
Acad. Set., 81, 172. 

Clarke, D. H. & Casals, J. (1958). Techniques for haemagglutlnation and 
haemagglutination-iiilubition with ardiropod-bome viruses. Amer. J. trap. Med., 
7, 561. 

LbNBT — ” ** "T— A T> T <r UninniriAi M M A phirk emhrtnv. 

d( 

S 

McLe 

V 

Vi 

RSBVE! 


3, 

RreER! 

L 

Sabin 

A 

Smith 

Theil 


A 

IForM 

A 



CHAPTER 37 


MISCELLANEOUS VIRUS INFECTIONS OF MAN 
AND ANIMALS 

Many of the viruses to be described in this chapter do not fall easily into 
the virus classification described on page 83 either because there is not 
yet sufficient information about them or because they may belong to 
groups so far undefined. A number of viruses of veterinary importance 
have also been included for convenience. 


RUBELLA 

Rubella or “German Measles” is a common and inild\ infectious 
disease characterised by a macular rash and enlargement of tne cervical 
lymph glands. 

Properties of the virus . — The virions are 120-180 mu in diameter; 
they have a core about 130 m/i. in diameter covered by a smooth outer 
membrane. The virus is inactivated by heat for 1 hour at 56“ C. and is 
stable at —65“ C. It is sensitive to ether, chloroform and desoxy- 
cholate. 

Cultivation . — In primary cultures of human thyroid tissue and in the 
cells of a transformed rabbit kidney cell, RK13, the virus regularly 
produces a definite cytopathic effect with focal changes and intracyto- 
plasmic inclusions (McCarthy, Taylor-Robinson & Pillinger, 1963). 
In primary human amnion and in embryonic-skin>muscle cultures the 
cytopathic effect is less regular. In primary cultures of kidney cells 
from vervet and patas monkeys and in the HeLa and Chang liver cell 
lines the virus grows without cytopathic effect. The presence of the 
virus, in the absence of any cytopathic effect, can be detected by its 
interference (see p. 74) with growffi of a challenge dose of a virus such 
as ECHO 2 or 9, Coxsackie A9, or Sindbis. There are no confirmed 
reports of the growth of the rubella virus in the chick embryo. 

Antigenicity . — ^Estimations of the antibody response in rubella infec- 
tions can be carried out by serum neutralisation tests performed against 
the virus grown in the RK13 line (Dudgran, Butler & Plotkin, 1964). 

Pathogenesis. — The reservoir of infection is formed by human 
cases or carriers from whom the virus is transmitted in naso-pharyng^ 
secretions borne in the air or dust The virus is inhaled and multiplies 
in the mucosa of the upper respiratory tract After an intubation period, 
usudly 16-18 days, there is a viraemic phase with fever and the localisa- 
tion of the v^s in the ^dn lesions and cervical glands. CompUcafions 
are very imcommon but the following occur occasionally: meningo* 
enceph^tis, neuritis, arthritis, synovitis and thrombocytopoenia. 

l^tdemiology. — Rubella is world wide in distribution and occun 
usually in epidemic form. It affecte principally children but the disease is 
more common in adults than is measles. Epidmics have often occurred 
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in inilitary recruit camps and in university communities* A case is 
infectious for not more than four days after the onset of the 
symptoms. In one series a little over one-third of contacts aged less 
than ten years were attacked and thereafter the rate fell sharply with 
advancing years. One attack of the disease usually confers immunity 
for life* 


Rubella in pregnancy 

During the viraemic phase of the illness the virus is able to cross the 
placental barrier in a pregnant woman and multiply in the differentiating 
cells of the human embryo. This passage happens most frequently 
during the first trmester of pregnancy, less frequently in the second and 
seldom in the third. The effect on the embryo is the production of 
congenital abnormalities of which deafness is the most frequent, and 
then, in order of incidence, congenital heart disease (persistent ductus 
arteriosus and ventricular septal defects are common), chorio-retinitis, 
cataract, mental defects, microcephaly, etc. The rubella virus has been 
recovered on several occasions from the tissues of malformed foetuses 
removed at hysterotomy from mothers who had suffered from rubella 
early in their pregnancies. There is no agreement on the assessment of 
the chances of an abnormal child being born to a woman who contracts 
rubella during pregnancy. In Britain and in Sweden 14 per cent, of 
children born after rubella in the first trimester of pregnancy showed 
malformation of one or more kinds; about 30 per cent, of these infants 
had some hearing loss, 20 per cent, chorio-retinitis, and 18 per cent, 
congenital heart disorders (Manson, Logan & Loy, 1960; Lundstrom, 
1962). The incidence of prematurity and still births were also increased 
in women who had contracted rubella during the first trimester of 
pregnancy. Hill et al, (1958) estimated that the incidence of birth 
defects was 50 per cent, if rubella was contracted during the first month 
of pregnancy, 25 per cent, in the second month, 17 per cent, in the third, 
11 per cent, in the fourth, and 6 per cent, in the fifth, but thereafter the 
risk disappeared. The children of mothers exposed to but not con- 
tracting rubella in their pregnancies show no increased frequency of 
malformations. 

Laboratory Diagnosis. — The virus may be isolated from the blood 
m the viraemic phase, from throat washings and naso pharyngeal swabs 
during the three days after the onset of fever or from the tissues of the 
abnormal foetus of a mother infected during pregMncy {vide supra). 
Antibodies in the serum are estimated by neutralisation tests. Charac- 
teristically there is a lymphocytosis in the blood with the presence of 
plasma cells and Turk cells. 

Pri^hylanis* — ^No measures need to be taken to prevent the spread 
^f this harmless infection amongst children and, indeed, many 
advocate that every effort diould be taken to expose girls so that they 
are infected and acquire an immunity befc^ they reach tiie ^ge of 
^^’^tarriage. In pni^j^nant women exposed to infection normal gamma^ 
globulin ^ eff ective in preventing the clinical disease. A dose of 1500 
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mgm. reduces the attack rate, if given within 28 days of exposure, to M3 
per cent. (McDonald, 1963). 

Although the rubella virus is notorious for the frequency with which 
it can induce congenital abnormalities, other viruses, notably the pox 
viruses, measles, mumps, influenza, varicella hepatitis and the Cox- 
sackie group, many also in lesser degree possess this property. The 
position is reviewed by Blattner & Heys (1961). 


LYMPHOCYTIC CHORlOMENINGmS 

Benign lymphocytic chorio-meningitis is primarily to enzootic 
disease of wild mice. The virus is excreted in the urine ana faeces and 
is transmissible in contaminated dust to man in whom i\ causes an 
influenza-like fever or a meningitis. 

The properties of the virus . — ^The virions are 40-60 m/x i diameter. 
They are well preserved by freeze-drying or storage at — C. In 
whole infected tissue stored in 50 per cent, glycerol at 4“ C. the virus 
survives for several years. The virus is inactivated by 10 per cent ether 
overnight, 0’5 per cent, formalin, and 0*01 per cent, merthiolate. At 
pH values below 7 it is unstable. 

Cultivation . — ^The virus grows on the chorio-allantoic membrane of 
11-12 day-old chick embryos without pock production or any obvious 
effect on the embryo. Tissue culture cells of the chick, mouse, calves, 
and monkey support the growth of the virus but a cytopathic effect may 
not be obvious until the virus has been adapted by several passages. 

When inoculated into healthy mice intracerebrally a severe ence- 
phalitis results in which the animals show marked muscular spasms and 
convulsions. In the guinea-pig the disease takes the form of generalised 
systemic infection. Rabbits are not susceptible. 

Pathogenesis. — In man the most obvious clinical picture is that of 
aseptic meningitis but the infection may be inapparent or show itself 
as a severe influenzal illness or as an “at^ical pneumonia”. 

The lymphocytic chorio-meningitis virus is essentially an inhabitant 
of mice and in these animals exists in a latent form which is transmitted 
by the mother to her young in utero. The virus is excreted by the mice 
in urine, faeces and nasal secretions. Most human infections are con- 
tracted from material contaminated by mice, and the most likely route 
of infection is thought to be through the respiratory mucosa. 

Laboratory Diagnosis. — The cerebrospinal fluid shows a marked 
cellular response; 20^1000 cells per c.nun. are present and 90 per cent, 
of them are lymphocytes. The protein is raised to 60-100 mg. per ml., 
but normal values are found for ffie chloride and sugar estimations; these 
findings help to distinguish lymphocytic chorio-menin^litis fnnn tuber- 
culous meningitis. T^ virus may be isolated from toe cerebrospinal 
fliud by intracerebral inoculation of mice. Virus identification is carr^ 
out by neutralisation tests or complement-fixation reac^iom with 
specific antisera. 

Serological tests may give a retrospective diagnosis if virus isdbuion 
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tests have not been carried out. Complement-fixing antibodies appear 
by the fourteenth day, but are slow to reach a peak. Three san^^iSs of 
serum are usually required to establish the existence of a rising titte of 
antibodies; the first should be taken as soon as possible after &e onset 
of the illness, the second 14 days later and the t^d after an interval of 
four to five weeks. 

There are no specific measures to control infection with this virus. 
Extermination of mice will usually eradicate the disease. Those whose 
work as laboratory assistants or rodent exterminators obliges them to 
come into contact with mice must take precautions to avoid inhaling 
infected material. 


CYTOMEGALOVIRUSES 

This group of viruses affects man, guinea-pigs, mice and other 
rodents, and pigs. Many of them have a marked predilection for growth 
in the salivary glands and all are highly species specific. The human 
infection is known as Cytomegalic Inclusion Disease and takes a number 
of clinical forms. These viruses are also sometimes known as saUoary 
gland or submaxillary viruses. 

Properties of the viruses. — ^Viru§ particles of two sizes have been 
described in ultra-thin sections of infected fibroblasts examined under 
the electron-microscope. Smaller particles, 80-100 m^, are seen in the 
nucleus at an early stage of infection and larger particles, 150-500 m/ti, 
are found in the cytoplasm. In the electron-microscope negatively 
stained particles are seen to have a structure like that of the herpes 
viruses with perhaps 162 capsomeres. 

Host Range and Cultivation , — ^The disease occurs naturally in man 
and there are more than a hundred recorded fatal cases in children 
mostly under the age of two years. Monkeys, guinea-pigs and mice 
are also affected. The virus can be cultivated in roller-tube tissue cul- 
tures of fibroblasts from explanted fragments of adult human uterus, 
prepuce or embryonic skin-muscle. Strains of the virus are species 
specific, even in tissue culture, although the similari^ of the cmular 
changes they produce suggests that they axe biologically closdy related. 

Viability . — ^At 4“ C. the virus loses its infectivity within a wedt but 
can be preserved in 50 per cent, glycerol for long periods at this ton- 
perature. It is destroyed by heat at 56° C. in 30 min., and is inactivated 
by exposure to 20 per cent, ether for two hours, and by sttnage at pH 
values below 5. 

Pathogenesis.— In man infection may take one of the following five 
forms: (1) an inapparent infection involving only the salivary j^Snds: 
(2) an ovowhelming neonatal infection in a chUd bom to a wonum who 
presumably suffered from a symptomless viraemia during pregnutey, 
'^he disease begins shmtly before or soon after birth, often in s {ue^ 
rnature infant. The infection is generalised and usually fiital; dmost 
sU the or|^ are invdved but jaundice, haemorrhages, hcpato- aped 
splenonu^dy are ^e dommsnt testitres, acoompamed abo % anuria, 
2 G 
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calcification of the brain, and bronchopneumonia: (3) in children of 
3-6 months the disease may be associated with enteritis, upper respir- 
atory tract infections and pertussis: (4) in older children aged 6 months 
to 2 years the disease may be associated with tumours or leukaemia and 
may be responsible for the later developments ot microcephaly, intra- 
cerebral calcification, and hydrocephalus: (5) localised granulomata 
occur rarely. 

Histologically large basophilic inclusion bodies in both the cytoplasm 
and the nucleus greatly distend the host cells and may measure as 
much as 40 m/u, in diameter. They are found in the epithelial cells of 
the liver and bile ducts, renal tubules, bronchi and lining/ cells of the 
alveoli, and in many other organs. I 

Epidemiology. — The disease is probably world wideband chiefly 
affects children up to the age of two years. Adults are rardly affected. 
Infection is probably transferred in utero in many cases but in general 
the manner of transmission is not clear as a considerable number of 
cases are contracted post-natally. The virus is, however, pre^nt in any 
tissue bearing inclusions and may be excreted in the saliva, faeces and 
urine, and in theory could be transmitted from these sources. A high 
incidence of complement-fixing antibodies in adults (Rowe et aLy 1956 
& Rowe 1960) suggest that the infection is more common than had 
been thought, especially where socio-economic conditions are poor. 

Laboratory Diagnosis. — The typical inclusions can be detected in 
cells in urinary sediments or in biopsy tissues. The vinis can be 
isolated from throat swabs, gastric or bronchial washings, urine or 
tissue fragments by the inoculation of tissue cultures of human ex- 
planted tissues {vide supra), A complement-fixing test using as an 
antigen infected tissue culture fluids is valuable for diagnostic purposes 
and for serological surveys. Neutralisation tests are used to identify the 
virus after isolation and to detect antibodies. 


RABIES 

This is a disease of all warm-blooded animals and especially of dogs. 
The virus is excreted in the saliva of the animals and is transmitted 
by biting. 

Properties^vf the Virus. — The diameter of the virus particle measured 
by filtration is 100-150 m/x. In negatively stained preparations the 
virus is seen under the electron microscope to have a fine structure 
similar to that of the myxoviruses with an inner, continuous, flattened, 
ribbon-like, helix. 

Host Range and Cultivation. — ^There is a wide range of susceptible 
animals, including man and almost all mammals; the outcome of infec- 
tion is nearly always fatal, with the exception that vampire bate are 
known to be able to transmit the virus for several months without 
showing any signs of the disease themselves* The virus invad^ the 
blood and the central nervous system of the host and is excreted in the 
salvia, milk and urine. These materials can be used to transmit the 
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infection to laboratoiy animals, including rabbits, mice and guinea-pi^. 
Freshly isolated strains of the virus are known as “street virus” ana 
kill laboratory animals with a severe encephalitis after an incubation 
period which varies from one to twelve weeks according to ^e species 
inoculated. Multiple eosinophilic inclusions known as Negri bodies 
are found in the nerve cells especially in the hippocampus, and measure 
0-5 /X to 20 /u. in diameter. Negri bodies are specific in rabies infection 
and their detection in nerve tissue enables a diagnosis of rabies to be 
made. 

Serial brain-to-brain passages of the virus in rabbits yields an 
attenuated or “fixed” strain of the virus which is no longer able to 
multiply in extraneural situations. Negri bodies are scanty in the brains 
of animals inoculated with the fixed virus. The virus grows in ibe 
tissues of 7-day-old chick embryos inoculated by any of the usual routes; 
the maximum yield of virus is obtained nine days after inoculation. 
The virus has been grown in monolayer cultures of the following cells, 
chick or mouse embryo, suckling hamster kidney and embryo rabbit 
brain. Most strains appear to grow poorly and do not produce any 
marked cytopathic effect. 

Viability . — The infectivity of the virus in tissues kept at room 
temperatures is gradually lost in 7-14 days. At 4° C. the virus survives 
several weeks and in 50 per cent^ glycerol saline at 4° C. for many 
months. The best diluent for the preservation of the virus is 2*5 per 
cent, normal guinea-pig serum in saline. 

At 37° C., the virus survives five days, at 50° C. one hour, at 
60° C. five min., and at 100° C. two to three min. Rabies virus is more 
resistant than vegetative bacteria to disinfectants; 0*5 per cent, formal- 
dehyde fails to kill it in two months at 4° C., but I'O per cent, formal- 
dehyde, 3 per cent, cresol and 0*1 per cent, mercuric chloride inactivate 
in 15 min. 

Antigenic Characters . — ^All strains of the virus are antigenically 
similar. Antibodies in the serum after vaccination can be demonstrated 
by neutralisation and complement-fixation methods. 

Pathogenesis. — ^The portal of entry is the bite and the rabies virus 
in the infected saliva is introduced into the depths of the wound. 
Occasionally the virus may gain access through a pre-existing scratch 
or abrasion if this has been contaminated by saliva. The virus multiplies 
locally in the tissues, invades damaged nerve fibres, and spreads centrally 
to reach the brain and spinal cord. It is not yet decided whether 
virus travels along the axons of nerves or along perineural lymphatics. 
There is no evidence that the virus is spread though the blood streun 
or lymphatic channels, and it has only rarely been isolated from the 
cerebrospinal fluid. 

The incubation period varies from ten days to two yeare after the 
bite of a rabid animal; its duration may depend on the distance the 
virus has to move from the point of entry to reach the brain. Aven^ 
figures are: for bites on the 1^ 60 days, on flie arm 40 days and on tiu 
head 30 days, llie inoibation period is shortor in childrea than in 
adulto. 
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The first symptoms of the disease are headache, fever, a profound 
sense of apprehension, and a feeling of irritation at the site of the bite. 
The patients complain of a dry throat and thirst, but they will not 
drink. High fever, difficulty in swallowing and a fear of water (hydro- 
phobia) become the dominant symptoms, and the patient passes into 
delirium with generalised convulsions. The outcome is invariably 
fatal and at autopsy there is a severe encephalitis, characterised by 
generalised hyperaemia and a pronounced cell destruction throughout 
tibe brain especially marked in the medulla. Demyelinisation is wide- 
spread and ^e cells of the posterior horn are severely damaged. 

Epidemiology 

The epidemiology of rabies is determined by the animal sWrces of 
infection. Dog and cat rabies constitute the most important source 
because 95 per cent, of human infections are derived from these animals. 
In the dog the incubation period is as a rule two to eight week^, but it 
may be as long as eight months. The disease is characterised by two 
clinical forms. In “furious” rabies the animals become aggressive, 
vicious and excited; they snap and bite at the approach of any other 
creatures. In “dumb” rabies paralysis of the muscles of the head and 
neck occurs and the dog cannot chew its food; its owner, believing it has 
some object in its throat, may attempt to remove the obstruction and 
contaminate his hands with infected saliva. About 50 per cent, of rabid 
dogs excrete the virus in their saliva. They are infectious for only about 
ten days before their death. 

Many species of wild animals suffer from rabies. One of the most 
important carriers is the fox, which may transmit the infection to farm 
animals. In Canada many cases of cattle rabies have been attributed 
to this means of spread. In Europe, Iran and the Middle East wolves, 
and jackals have transmitted the infection, and in India the mongoose. 
Other species which are able to transmit rabies are rats, badgers, 
opossums, musk-rats, racoons, skunks and squirrels. 

Rabies may infect all the usual domestic animals, including the 
horse, cow, sheep, goat or pig. Often the animals are infected by the 
bite of rabid foxes, or other wild animals. 

In Trinidad and South America rabies is transmitted by the vampire 
bat Desmodus rotundus murinus. The bat is the only species so far 
recognised as being latently infected with rabies virus. Fruit- and 
ins^-eating bats are also known to harbour the virus, and when rabid 
are able to transmit the infection to other bats, animals and man. 

CmiroL— It is only by complete eradication of the animal reservoir 
that rabies can be eliminated. This has been possible in Great Britain, 
where the strict enforcement of a six month period of quarantine has 
prevented the entry of infected animals for many years. The result 
has been that there is no longer any source of the virus to infect animals 
and Acre has been no case of rabies in the country since 1921. 

In odier countries it has not been possible to eliminate the ahimal 
r^ervoir so completely, and rabies stiU presents a major problem to 
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many public health authorities. When the dog is the principal reservoir 
the disease can be brought under effective control by the active im- 
munisation of pet dogs and by the destruction of all strays and wild 
dogs. An effective vaccine in general use contains the living avirulent 
egg-adapted Flury strain of the rabies virus. It is given in a dose of 
3-0 ml. intramuscularly into the hind limb of the animal and an effective 
protection lasting three years is developed. 


Laboratory Diagnosis 

In man the clinical findings are so characteristic that laboratory 
confirmation is not usually necessary. The virus, however, is present in 
the saliva and may also be isolated from specimens of the nervous tissue 
and salivary glands obtained at autopsy. The material is first treated 
with antibiotics and then inoculated intracerebrally in mice; the animals 
develop a flaccid paral)^is of the limbs and die within six to eight 
days. 

In the dog the diagnosis depends on the demonstration of Negri 
bodies in the brain tissue and the isolation of the virus; there is no 
satisfactory serological test that can be used in life. If there is the 
slightest reason to suspect a dog of rabies, the animal should be kept in 
strict isolation and observed for a p^od of ten days; if it survives for 
this period, rabies may safely be excluded. If unmistakable symptoms 
of rabies are observed, the animal is killed (preferably with chloroform) 
and the diagnosis is confirmed by laboratory examination. If the 
laboratory is at some distance, the head is removed, wrapped in a doth 
soaked in 50 per cent, glycerol saline, and forwarded in cracked ice. 
In the laboratory the scalp is reflected, the skull is opened by means of 
sterile bone forceps and the brain removed with aseptic precautions. 
The hippocampus, which is situated in the floor of the lateral ventride, 
is dissected out, smears are made by squeezing a portion of the tissue 
between two slides, and pieces are also fixed for histological examination. 
In addition, a suspension is prepared for animal inoculation. The 
method of choice both for accuracy and speed is that of immune 
fluorescence. Conjugated antiserum is applied to thin sections or 
smears of brain or salivary gland which are then examined for fluoresc- 
ence. By this technique a specific diagnosis can be made within a few 
hours (^oldvrasser et al., 1959, McQueen, Lewis, and Schneider, 1960). 
Smears may be fixed in methyl alcohol for five minutes, and staindd by 
Giemsa’s method or by Mann’s method (see Chapter 45). For 
section, the tissue is fixed in Zenker’s fluid and stained as above. 
The animal’s salivary glands should also be removed and homogenised 
for mouse inoculation. The diagnosis depends on the findii^ of the 
characteristic Negri Wies in the cytoplasm of the nerve cdb. These 
bodies are best seen when the animal hto reached the par<^ stage the 
disease. Intracerebral inoculation of mice with brain emubion is also 
carried out, and if tte virus is present, paresis and <tea^ occur as 
described ihove. 
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Prophylaxis 

When a person is bitten by a dog suffering from or suspected of 
rabies, the first step is the thorough cleaning of the bite wound with soap 
and water. The puncture woun^ should then be thoroughly dried and 
cauterised with concentrated nitric acid applied with a capillary pipette; 
after a few moments a solution of sodium bicarbonate should be applied 
to neutralise the acid. 

If the risk of rabies is great, as happens when there is a high prob- 
ability that the animal concerned is rabid, and there are multiple bites 
on the head, face, neck or arms, immediate action is neceksary and 
passive protection should be given at once by injecting hyper-immune 
horse serum or the gamma globulin obtained from it. The dme of the 
serum is O-S ml. per kg. body weight and that of the gamma\globulin 
is at least 40 International Units (1 I.U. = 1 mg.) per kg. body weight. 
This injection must be followed by a minimum of 10, and preferably 14, 
injections of vaccine to stimulate active immunity; this is necessary 
because passively injected antibodies have a suppressive effect in the 
early stages of the development of antibodies by the patient himself. 

Various vaccines are used to confer active immunity. One type in 
general use in many countries is the Semple vaccine which contains a 
4 per cent, suspension of the brain of rabbits infected with the “fixed” 
rabies virus inactivated by 0*5 per cent, phenol. A munber of similar 
vaccines prepared from infected rabbit or sheep brain are also ured and 
inactivation is achieved by ultra-violet light, formalin or other agents. 
Vaccines of this type suffer from the serious disadvantage that the 
nervous tissue they contain may sensitise a small proportion (1 in 4,000 
to 1 in 10,000) of persons being immunised who later may develop an 
encephalitis. In order to avoid such “neuro-paralytic accidents” other 
types of vaccines containing no nervous tissue have been developed. 
One such vaccine now on trial is the “Duck” vaccine which is prepared 
from cultures of the “fixed” virus in duck embryos inactivated with beta- 
propiolactone. 

Attenuated strains of the living virus have also been developed and 
have been used in extensive trials. Of these the Flury low egg passage 
(LEP) strain, which has been carried through 40-60 egg passages, is 
now the virus used in the standard vaccine for the immunisation of 
d(^. A high passage strain (HEP) has been carried through more than 
180 egg passages and is further attenuated to a degree where it can be 
used safely in man with a good antibody response (Fox, 1958). 

In 19^ the W.H.O. Expert Committee made the following recom- 
mendations for protection against rabies: — 

(1) For severe exposure in a non-immunised person — ^h 3 rperimmune 
serum or gamma globulin followed by at least 10 injections of a 
vaccine. (The dose of the Semple vaccine is 2*0 ml.) 

(2) When the exposure is not severe, or when the patient is seen 
for the first time seven days or more af^ the inddoit an4 oo 
serum has been given — a course of 14 doses of vacdne. 
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(3) If the patient has received vacdne wi thin the previoxis 15 years 
— ^two doses of vaccine spaced 7 days apart. If the interval is 
longer than 15 years a full course of 14 injections is needed. 

(4) For prophylactic inoculation of those likely to be exposed in 
the future — ^five doses at monthly intervals of a vaccine, prefer- 
ably not containing nervous tissue, are advised with booster 
doses spaced one to two years apart. 

In Great Britain these immunising procedures are only required for 
returning travellers who have been exposed to the risk of rabies while 
abroad or for workers in quarantine establishments. Their use is 
contra-indicated for patients who could not have been exposed to any 
real risk of rabies. 


INFECTIOUS WARTS 

Warts occur so frequently that they constitute one of the most 
familiar of the virus infections of man. Although they vary considerably 
in shape, size, location, and age preference, the majority fall into two 
types. The first type comprises the common wart, Verruca vulgaris 
which usually takes the form of niultiple, sessile, discrete, rounded 
papillomata on the hands, around the nail folds of the fingers, or on the 
wrists. The second type, the plantar wart or Myrmeda (ant hill) 
occurs on the soles of the feet and the palms of the hands, where its 
appearance is modified by pressure, so that it is flattened, and situated 
deep in the cutis, with a domed surface (Lyell & Miles, 1951). It is not 
yet decided whether these two types are spread by the same or different 
viruses. Another group is formed by genital warts, Condyomatfi 
acuminata, which are small, rough, fungating outgrowths, often ped- 
unculated, situated on the prepuce and the coronal sulcus of the penis 
or on the labia and around the vulva. A small proportion of genital 
warts undergoes malignant change. Laryngeal warts may be small and 
flat or pedunculated. 

Properties of the virus . — The virions are 55 m/x in diameter and have 
an icosohedral symmetry with 42 capsomeres on the surface. The 
nucleic acid is DNA. The virus resists ether and heat for 30 min. at 
50° C. It is now placed in the PAPOVA group together with the 
related polyoma virus of mice, the vacuolating agents of monkeys 
(e.g. SV 40), and the rabbit papUloma virus. 

CaWoaribn.— There have been a number of reports that the virus 
produces a cytopathic effect in primate cells in tissue culture but &ete 
has been no confirmation that virus reproduces under these tionditions. 
The infection is not readily transmissible to animals but lemons have 
heen produced with suspensions of wart tissue inoculated into the 
vagina of bitches. Bacteria free filtrates of wart tissue inocv^ed into 
the skin of human volunteers produce warts after an incubatipn penaid 
of ftix weeks to eight mtmths. 

Padk^eiiMts# — ^Tlte source <ff infecrimi is the infected btoid or 
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tissue shed from a damaged wart. Spread may occur directly by self- 
inoculation as in scratching or in the case of genital warts during sexual 
contact. Indirect spread is frequent and the virus enters through abra- 
sions of the skin from contaminated fomites such as the instruments of 
barbers or chiropodists, the floors or towels of bathrooms, swimming 
baths, and communal washing places. Histologically, the essential 
feature of any human wart is the proliferation of the Malpighian layer of 
the skin. The appearances are extremely variable but in the case of 
Verruca vulgaris they are those of the epithelium covered papillae arising 
from the deeper layers of the epidermis and protruding to form the bulk 
of the wart. Inclusion bodies are present in only a small number, about 
4 per cent., of these lesions. In Myrmecia the epithelial pr >liferation 
is accompanied by considerable hyper-keratosis. Intra nucl^ eosino- 
philic inclusions of Cowdty type B are present in 43 per centt of warts 
of this type. Electron microscopical studies of thin sections! of these 
warts have shown virus particles arranged in a crystalline lattice in the 
nuclei of the rete cells. 

A great many warts, perhaps 50 per cent, or even more, disappear 
spontaneously and thus it is extremely diflicult to assess the value of the 
many remedies advocated. If warts occur in inconvenient situations 
they may be removed surgically or destroyed by measures such as 
cautery, the application of liquid nitrogen, solid carbon dioxide, or 
deep X-rays. 


FOOT-AND-MOUTH DISEASE 

Foot-and-mouth disease is a highly contagious condition of cattle, pigs, 
sheep, goats and deer. It is characterised by vesicles on the feet and in 
mouth along with constitutional symptoms of infection. The disease may 
also occur naturally in the hedgehog. The infection spreads rapidly among 
farm animals, and large epizootics are the cause of much economic loss in 
many parts of the world. 

The Properties of the Virus. — ^The diameter is 20-35 mp. and the shape is 
roughly spherical or hexagonal. The nucleic add is RNA. It is dassiiied 
as a picoma virus (see p. 71). 

Ilost Range and Cultivation. — ^The virus grows in cultures of bovine, pig, 
and sheep kidney cells, in embryonic guinea-pig tissues and in suspended 
cultures of bovine tongue epithelium. Strain» have been adapted to growth 
in chick embryos by intravenotis inoculation. Cattle, guinea-pigs, suckling 
mice, hamsters and new bom rabbits are all highly susceptible. Humm 
infections are rare and only a very snuill number of cases are recorded in 
whidi adequate virological proof of the nature of the infection was established. 

Viability. — ^The virus is one of the most stable known, and its ability to 
survive dr^ng for several weeks or even months on hay or other matei^ 
is re^nsible for the great facility of its spread in the field. The virus 
is resistant to ether, alcohol, chloroform, bile salts and heat for 30 nan. at 
56° C. It is readily destroyed at pH values below 6 and above 10. tmmerdon 
of infected tissue fragments, e.g. bonne tongue epithelium, in neutral 
l^ycerol saline at 4° C. preserves its infectivity indefinitdy. 

Ant^enie Characters.—Thete are seven recognised mtigerdc types of the 
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virus which have been differentiated by neutralisation tests in ammals or 
tissue cultures and by complement-fixation. Three types are primarily 
European and are designed O (Oise), A (Allemagne), and C. Three South 
African types are called SAT 1, 2 and 3 and the seventh is known as Asia 1. 
A large number of variants of these strains has been recognised. 

Pathogenesis. — Foot-and-mouth disease is spread from animal to animal 
by means of saliva which contains large amounts of the virus. The disease 
is highly contagious, and saliva and faeces contaminate the environment so 
that it spreads with great rapidity within a herd. After an incubation period 
of 24-48 hours a viraemic pha^ follows. The disease declares itself with 
fever, drooling of saliva, and the appearance of vesicles on the mucous 
membranes of the mouth, muzzle and feet. Foot-and-mouth disease is 
notifiable in Great Britain, and its importance is not on account of its ability 
to kill but by virtue of the loss of flesh, reduction of milk yield and loss of 
export value. Pigs, sheep, goats, deer, antelope and other ruminants are 
all subject to infection. 

Epizootiology . — The foot-and-mouth disease virus is often introduced to 
a herd from far-distant parts. The viability of the virus makes it possible 
for it to be carried alive long distances in infected meat or on contaminated 
fomites. Migrating birds (especially starlings) have been thought to carry 
the virus, and there is some evidence to suggest that from time to time they 
have brought the infection to Great Britain from Belgium and the Low 
Countries. Pigs have frequently contracted the infection from eating swill 
containing infected fragments of meat imported from South America. 

Laboratory Diagnosis . — Infected tissues (preferably bovine epithelium) 
from cases, especially when new types or subtypes of the virus are suspected,, 
should be sent immersed in glycerol saline to the World Reference Labora- 
tory, Animal Diseases Research Institute, Pirbright, Surrey, England. 

Control . — In countries where the disease is not endemic, as in Great 
Britain, quarantine, slaughter of infected animals and their contacts, and 
disinfection of contaminated premises have proved both efficient and econ- 
omic. In endemic areas vaccination is widely practised. A formol inactivated 
virus adsorbed to alum forms the most generally used vaccine but more 
recently living virus attenuated by cultivation in eggs, or mice, has given 
encouraging results. 

For fuj^er information on the virus of foot-and-mouth disease the 
reader should consult a review by Brooksby (1958), 


VESICULAR STOMATITIS 

The disease occurs naturally among cattle, horse and swine. Hie disease 
is not a serious one, but because of the vericles that occur in the mouth and 
on the tongue is easily mistiJten for foot-and-mouth disease. The vims is 
antigenicadly distinct from the foot-and-mouth disease mus and is larger, 
being rod-shaped (170x70 m/i) with an internal core composed of a hi^w 
helix. The nucleic acid is probably RNA. It can be cultivated without 
difficulty in the chick embryo and in monolayer cultures of chide, ot and pig 
tissues, where it has a cytopathic effect The vesicular stomatitis virus gives 
plagues in monolayer culture of ox embryo kidney. There are two imimino*^ 
logically ffistmet strains. Tht virus his the same degree of rotesmee to 
physical and chemical agents as the foot**and-*inouth disease vkm. ' The 
disease is nkld, and drastic control measures are not required. 
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VESICULAR EXANTHEMA 

This disease occurs naturally only in pigs and, like foot-and-mouth 
disease, is characterised by vesicles on the mouth and feet* Cattle are re- 
sistant to the infection and the virus is only mildly pathogenic to horses. No 
lesions are produced in the foot-pad of the guinea-pig, a finding w^hich 
differentiates the vesicular exanthema virus from those of vesicular stomatitis 
and foot-and-mouth disease. The virus is classified as a picorna virus and 
resembles the foot-and-mouth disease virus (q.v.) in its physical and chemical 
properties. It can be cultivated in tissue cultures of the skin, kidney or 
embryo of swine, dog, horse and cat with plaque production. Anjtigenically 
there are probably at least seven immunologic^ types. 


The Susceptibility of Animals to the Vesicular Viruses 


Susceptible 

Foot-and-Mouth 

Vesicular 

Velficular 

Animal 

Disease 

Exanthema 

Stomatitis 

Pig ... . 

-f 

4- 

4- 

Horse .... 

- 

± 

4- 

Cow .... 

4- 

- 

+ 

Guinea-pig . 

+ 

- 

4 - 

Adult Mouse 

± 

- 

— 

Suckling mouse 

4- 

— 

+ 


SWINE FEVER 

Swine fever is a highly contagious disease of pigs and is responsible for 
considerable and world- wide economic loss. The animals show fever, apathy, 
vomiting, eye-discharge, diarrhoea, and cutaneous haemorrhages with a high 
mortality. 

The virus is a small one, probably 25-50 m/i in diameter. It is very 
stable and survives moderate heat and freezing well, persisting for long periods 
in cured ham, pickled pork, or garbage. The virus grows well in tissue 
cultures of swine kidney testis or bone marrow, and in leucocytes of the 
*‘bu^ coat” of pig blood. The cytopathic effect is however minimal. Some 
strains have been adapted to grow^ in duck and chick embryos* Antigenic- 
ally only one type has been reported but variant strains occur from time 
to time. 

Pathogenem . — The natural mode of infection is by ingestion and very 
minute quantities of the virus will produce the disease in susceptible swine. 
Eye imd nasal secretions, urine, faeces, and blood from an infected animal all 
contain the virus. The outstanding pathological changes are petechial 
haemorrhages on serous surfaces, haemorrhages into the bidder, kidni^ and 
epicardiitm, hae^rrhagic lymphad^uds and leucopoenia. Cases with 
secondary bacterial infection may show severe enteritis. Pigs that have 


















SWINE FEVER 


475 


recovered may remain infective several months; wild pigs are an important 
source of the virus. Transmission is often by way of infected swill contacting 
scraps of contaminated pork. The virus may resist pickling, smoking and 
salting for up to six months though it is rapidly destroyed by putrefaction. 

L^oratory diagnosis depends on the demonstration of the presence of the 
virus using Imown susceptible pigs. An agar gel diflpusion test is also useful 
as an aid to the diagnosis of swine fever; pancreatic tissue from infected pigs 
contains a soluble antigen which will precipitate with serum from hyper- 
immunised pigs. Swine fever virus shares a common precipitating antigen 
and conunon antibodies with mucosal disease viruses of cattle. Some strains 
of the mucosal disease complex will protect pigs against swine fever and 
hyperimmune sera from pigs contain antibodies that neutralise both viruses. 

Matumoto et al. (1961) described an in vitro method for the detection and 
measurement of swine fever virus, and also of antibody, and the uses of the 
test for diagnosis in outbreaks. It depends upon the absence of CPE of the 
swine fever virus when sown on swine kidney cell tissue culture in monolayer, 
even though it is actively multiplying. In the same tissue culture, Newcastle 
disease virus hardly grows and is not cytopathic as long as it is sown within 
the first five days of the growth of the pig kidney cells. However, in such a 
tissue culture, previously sown with the virus of swine fever, Newcastle 
disease virus multiplies and is cytopathic, even when sown on the third day 
of tissue culture growth. The test is spoken of as “exultation** of Newcastle 
disease virus and is named the END test. 

Prophylaxis . — ^Passive immunisation using hyperimmune serum is valu- 
able when the disease appears in a herd. For active immunisation several 
vaccines are in use. Virus inactivated with gentian violet is extensively and 
successfully used in one vaccine. Living viruses attenuated by passage in 
rabbits, goats, or in tissue culture of swine kidney give much promise but 
there is doubt as to whether their use is followed by abortions or malformations 
in the litters. 
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CHAPTER 38 


THE PSITTACOSIS, LYMPHOGRANULOMA, 
TRACHOMA GROUP OF “VIRUSES’* 

The properties of these agents are so different from those of true viruses 
that there is considerable dispute as to their taxonomic position; many 
authors prefer to classify them with rickettsiae even though they have 
no arthropod vectors. The organisms have been shown by Perkins 
and Allison (1963) to possess cell walls which resemble those of bacteria 
and rickettsiae in that they owe their rigidity to a mucopeptide which 
contains the amino sugar muramic actd as a key constituent. The 
characteristic sensitivity of the group to penicillin, other antibiotics and 
lysoz 3 mie is due to the ability of these substances to inhibit the synthesis 
of cell wall mucopeptides. All the members of the group take Castaneda 
and Macchiavello stains in the same way as rickettsiae. The inclusion 
bodies produced are intracytoplasmic and basophilic; they consist of 
deoxyribonucleic acid-containing particles set in a matrix which is 
composed of glycogen and ribonucleic acid. They have a complex 
cycle of reproduction which terminates in binary fission of the particles 
and all share a common heat stable antigen. Certain members of the 
group cause the haemagglutination of red blood cells. In the case of 
the psittacosis virus mouse and hamster erythrocytes are agglutinated 
but not those of man or fowls. The haemagglutinin is smaller than 
the virus itself and is composed of lecithin and nucleoprotein; it does 
not react with the receptor areas for the myxoviruses. 


PSITTACOSIS 

Psittacosis is an epizootic disease of birds which may affect man, 
Psittacine birds such as parrots, parakeets, cockatoos and budgerigars 
are natural hosts of the infection, and pet birds of this type have often 
been the source of human infections. Ducks, pigeons, turkeys, fulmars 
and certain species of gulls are also affected, and in these hosts the 
disease is known as ornithosis. 

In birds the disease is characterised by diarrhoea, emaciation and a 
purulent nasal discharge. Man is infected by inlying dust whidr is 
heavily contaminated by exudates from affected birds. The resultant 
illness is pneumonic in type and in untreated cases may be sevore with s 
20 per cent, mortality. Often, however, the illness is mild and resembles 
an attack of influenza. He may suffer a mild feverish iUness or, more 
severely, a patchy bronchopneumonia which usually involves the bases 
of the lungs. The carrier state may persist in the birds for many 
months and human cases have not infrequently been traced to a{>parently 
healthy birds uhich were later proved to have harboured the virus. 

ProptrUa of Ui$ Fthts.— -T m mature elonentaxy body is a q>hi^ 
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about 250 m/x in diameter ; it stains blue -with Castaneda’s stain. Under 
the electron microscope the particle is seen to be covered with a mem- 
brane like a cell wall, and to have an irregular surface; the appearance 
has been likened to that of a wrinkled pea. During reproduction the 
virus passes through a regular sequence of morphological changes. On 
entering the cell cytoplasm it gives rise, after a few hours, to a vaguely 
defined mass seen only in ultra-thin sections under the electron micro- 
scope. After eight or nine hours a basophilic inclusion appeiars and 
increases in size as time passes. Within the inclusion a few large 
particles about 1-0 /u in diameter appear and these divide and subdivide 
by binary fission to give rise to large numbers of mature elementary 
bodies. The final effect is that the parasitised cell disintegr^s and the 
virus is liberated into the intercellular spaces. \ 

The psittacosis virus is inactivated in 10 min. by heat \ at 60° C. 
and OT per cent, formalin and 0-5 per cent, phenol kill itun 24 hr. 
Yolk sac suspensions of the virus are inactivated in 30 min. by 10 per 
cent, ether. Stored in M/50 phosphate buffered saline at pH 7-6 at 
4° C. the virus remains viable for two to three weeks. It is best pre- 
served at — 70° C. when it retains its activity for several years. Potency 
is lost rapidly if glycerol is used as a preserving solution. Penicillin 
and the tetracyclines interfere with the growth cycle and cause the 
production of abnormal developmental forms within the cell. The 
virus is not sensitive to streptomycin and only a few strains are in- 
fluenced by sulphonamides. 

Culture . — ^The virus grows most readily in the cells of the yolk sac of 
six- to eight-day-old chick embryos and in the peritoneal cavity and 
spleen of mice. Inoculated on to the chorio-allantoic membrane it 
produces a slight generalised thickening with oedema. Chick embryos 
die within four days of inoculation and mice in four to six days. Intra- 
nasal instillation of the virus in mice causes pneumonia, and intracerebral 
inoculation a fatal encephalitis. 

The virus of ornithosis resembles that of psittacosis very closely and 
it is distinguished mainly by its pathogenicity for certain laboratoiy 
animals in which it is nearer to the lymphogranuloma virus. There is 
evidence to suggest that the ornithosis virus possesses a type-specific 
antigen. 

The lethaljeffect of these viruses may be due in part to an endo- 
toxin, for large doses may kill the host before there been time for 
the virus to multiply. Latent infection in psittacosis and ornithosis 
may be common; it is known that the virus may fail to reproduce 
within the cells of tissue cultures grown in nutritionally poor medium. 
Multiplication resumes when a satisfactory medium is provided. 

These viruses have been adapted to grow in tissue cultures and have 
beoi propagated in the “L” strain of mouse fibroblasts, HeLa 
HEp2 cell lines, as well as in human and mouse Uver cells and chick 
embryo cells. 

Arttigemc Structure . — A heat-labile antigen is thought to be ^>ecific 
for the psittacosis virus itself; it is readily destroyed by heat at 60** C. 
and by phenol, adds, and papain. A second antig^ is remadudily 
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resistant to heat and resists boilit^ or even autoclavii^ at 135® C.; 
since it also resists proteolytic enzymes but is destroyed by periodate 
it is prob^ly a carbohydrate. This antigen is shared by all the members 
of the virus group and is employed in the diagnostic complement- 
fixation reactions in general use. The antibody to this common antigen 
is not protective. 


Laboratory Diagnosis 

Human Infections . — ^The sputum, which contains the virus during 
the first few days of the infection, is emulsified in Hanks’ solution 
containing no antibiotics. Treatment of the specimen with sulphon- 
amides or penicillin is contra-indicated. The suspension is spun in 
the centrifuge at 1000 r.p.m. to deposit cells and debris. Inoculate 
four to six mice intaperitoneally with 0-5 ml. of the supernatant. If 
the psittacosis virus is present, some or all of the mice will die seven to 
ten days later and will show a glairy peritoneal exudate, and enlai^e- 
ment of the spleen and liver. Films of the peritoneal exudate and 
impression smears of the spleen when stained with Giemsa’s or Cas- 
taneda’s stains show typical virus inclusions and clusters of elementary 
bodies. To confirm the diagnosis a 10 per cent, suspension of the 
infected mouse spleens in Hanks’ solution should be passed to further 
mice and an attempt should be made to protect some of these with an 
immune serum. 

If the mice inoculated with human material survive for 10 days, 
they should be killed and the spleens examined microscopically for 
virus. If no virus is found, an emulsion of the spleens is injected 
intraperitoneally in four to six mice. If the animals of this second 
passage show no sign of disease the case is presumed negative; if they 
die, they are examined as above. 

Eggs may be used as well as mice to isolate the virus, but often the 
sputum and the contained bacteria are so toxic that the embryo dies 
before the virus has time to multiply. Streptomycin added to the 
sputum suspension in concentrations up to 2000 /xg. per ml. may be 
used to overcome this difficulty. 

The sputum suspension in a dose of 0*1 ml. is inoculated into the 
yelk sac of six- to eight-day-old embryos. If the virus is present, the 
embryos will die three to four days later. Impression smears of the 
stalks of the infected yolk sacs should be stained by Castaneda’s or 
Macchiavello’s stains and examined microscopically for clusters of 
virus elementary bodies. Care is required to distinguish the virus from 
yolk sac granules which, however, are irregular in shape and size and 
are usually larger than the virus. 

Serological confirmation of the diagnosis is obtained by the comple- 
ment fbcation test using the heat stable antigen. Serum samples are 
teken early in the disease and 10-14 days later. A four-fold w gitater 
increase in titre provides firm evidraice infection. The sing^ 
observation on a convalescent case of a serum titre of 32 or hig^bnr is 
highly suggestive of recent infection. 
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Avian Infections . — Great care must be taken by laboratory workers 
in handling dead birds and in performing the post-mortem examina- 
tion, for the noaterial is highly infective. The procedure is to remove 
the spleen and to prepare an emulsion from it. Mice and eggs are 
inoculated in the same way as for sputum from the human case. 

If the birds have recovered, blood may be taken from the wing vein 
and a complement fixation test carried out. Positive reactions should, 
however, be interpreted with caution because psittacine birds and 
pigeons frequently have low levels of antibodies. 


LYMPHOGRANULOMA VENEREUM 

(Lymphogranuloma inguinale or Climatic bubo) 

This disease is transmitted by venereal contact. After 4u incuba- 
tion period of three to twenty-one days a small primary sore appears 
taking the form of a papule which becomes vesicular and then breaks 
to leave a shallow ulcer; in the male it may be situated on the glans 
penis or in the urethra, causing urethritis; in the female the vaginal 
wall or the cervix uteri are the common sites. The virus spreads from 
the primary site to involve the regional lymph nodes, where an in- 
flammatory reaction and suppuration begin to develop about two 
weeks after the appearance of the primary sore. In the male. Suppura- 
tion of the inguinal glands gives rise to a bubo, from which it is possible 
to aspirate pus. In the female, the lymphatic drainage carries the virus 
to l3miph glands within the pelvis and inguinal buboes do not occur. 
As a late result of chronic inflammatory processes in the perianal tissues, 
rectal stricture, granulomatous involvement of the vulva, and ele- 
phantiasis of the genitalia may result. 

Properties of the Virus . — The virus is a typical member of the 
psittacosis group. In morphology, viability and susceptibility to chemo- 
therapeutic agents it resembles very closely the psittacosis virus. 

Culture . — ^After adaptation, the virus grows abundantly in the yolk 
sac of developing chick embryos. Usually the embryos do not die 
until seven to nine days after inoculation. It will multiply in the mouse 
only after intracerebral inoculation and does grow in the peritoneal 
cavity. It does not infect birds. 

Laboratory Diagnosis 

Isolation of the virus may be achieved by the inoculation of pus from 
the bubo into the yolk sac of six- to eight-day-old chick embryos and by 
the inoculation of mice by the intracerebral route. If the pus is con- 
taminated with bacteria it may be treated with streptomydn at a 
concentration of up to 2000 /ug. per ml ; penicillin, tetracy^nn and 
sulphonamides should not be used for the purpose as they may kUl the 
virus. 

Complement Fixation Tests are carried out using a heated antigen 
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prepared £rom infected yolk sacs in the aanoe way as ifor psitlacoBis. 
Xhe test becomes positive two to four weeks after the onset ||f*'foe 
infection. A titre of 32 or h^her in a clinically acceptable case sii^ggests 
active infection, but better evideioe is obtained if a si^^nificaM dse in 
titre can be demonstrated during foe omrse of foe disease. False 
positive reactions may be given by ^hilitic sera. 

Fret Test . — ^Patients wifo lymphogranuloma venereum reait aiforgic- 
ally when inactivated virus is inoct^ted intradenmlly.. imtigen 
is prepared by phenolising a purified virus suspension firom infected 
yolk sacs.^ Originally pus from foe bubo suitably diluted and in- 
activated at 60° C. was used for foe purpose. The test is mrried out 
by injecting 0*1 ml. of foe antigen intracutaneously into one arm and a 
similar amoimt of control material from normal eggs into foe other 
arm. A positive reaction takes four days to reach its maximum and 
consists of an area of esythema wifo a central indurated papule at least 
7 mm. in diameter. Minor reactions, especially if accompanied by any 
change in the control inoculation, should be disregarded. 

The Frei test remains positive many years after the active infection 
has subsided. Like foe tuberculin reaction it is an indication that 
infection has, at some time, taken place. The test is positive when 
infection has been due to other members of the group and depends on 
hypersensitivity to the heat-stable antigen. The Frei test, foerefore, 
is not specific for lymphogranuloma venereum. Barwell (1952) has 
shown, however, that if an acid extract of the virus is injected intra- 
dermally a reaction occurs which is specific for foe lymphogranuloma 
virus. 

Tetracyclines and, to a lesser degree, sulphonamides are effective 
as therapeutic agents. 


TRACHOMA 

Trachoma is a severe form of kerato-conjunctivitis which &equcait|^ 
damages the eye permanently, and causes blindness. It is highly 
valent in foe East, foe Middle East, Africa and parts of South Ameriea 
and occurs also in Eastern Europe. The infection is due to a virus of 
the psittacosis group and is spread from ^e to eye directly by fingefo* 
md also by flies. The incubation period in human experimental 
infections is 4-7 days but under natural conditions it is probably forger. 
Secondary bacterial infection is present at all stales of ^ infection and 
plays an important accessary part in tissue dam^. 

Trachoma usually begins insidiously wifo some swelling and graim- 
larity of the upper ^elids, a variable amount of muco-purulwt dfo- 
chage and a pteauricular adenitis. Follicles ^am socm formed in foe 
conjunctivae and witbfo a fow weeks foe eimdition passes to a chxoitic 
stage of kfflato-ooajunctivitis, when foe coimdi is invaded by mfl a te- 
roatory tissue wMch liter become vascolttis^d. The dcatricud tissue 

^ Avaiable comtnercadly m **L 3 rgrsD]itii” (S<i«dbb}. 
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fonned may impair visum aad disibrt die e^da. l^e recmt devebp. 
m«it8 in dbe study of die tradboma virus are described by Bero^pf 
(1962), 

Properties ef the F*r*tf.— The elementary bodiiM are 0’2-0*6 jn in 
diameter, and electron microscopically have &e “wrinkled pea” appear- 
ance of the psittaco 8 is-l 3 rmph{^ranuloma group. Larger forms up to 
1*5 ft in duoneter are also seen. They are stained blue by Castaneda’s 
stain and red by Macchiavello’s stain. 

The virus multiplies within the cytoplasm of the epithelial cells of 
the conjunctiva and passes through a cycle of morphological changes 
closely similar to that of the psittacosis virus (Armstrongs Valentine 
& Fildes, 1963). The first sign of infection is the appe^nce of an 
“initial body”, a basophilic inclusion 0*3-0*8 ft in diameter. \ This body 
divides by fission and as the particles increase in number they become 
smaller and more acidophilic. The mature inclusion consists of a mass 
of elementary bodies which are stained purplish by Gienua’s stain; 
they are set in a matrix composed of glycogen. In the finau stage of 
development the inclusion bodies often entirely replace the cytoplasm. 
Many different shapes and sizes of inclusions may be seen; they are 
usually known as Halberstaedter-Protoasiek bodies and on their detection 
depends the confirmation of the clinical diagnosis. They are found 
most frequently in scrapings of the conjunctiva of the upper lids taken 
in the earlier phases of the disease. 

The infection has been transmitted to human volunteers and to 
baboons. The virus can be cultivated if infected comeal scrapings are 
treated with streptomycin at a concentration of 20,000 jug/ml. (Sowa & 
Collier, 1960) to destroy bacterial contaminants and inoculated into 
the yolk sac of five- to seven-day-old chick embryos. Death of the 
embryo occurs irregularly during tiie first passages but later occurs five 
to seven days after inoculation. Virus cultured in this way has the 
t 3 q>ical morphology of the group and is infective when introduced into 
tiie cornea of human volunteers. Some strains (e.g. the T’ai^ strain) 
of. the trachoma virus have been adapted to grow in the FL line of 
human amnion cells and in HeLa cells. 


Laboratory Diagnosis 

Filins of the conjunctival exudate are unsatisfactory and it is 
essential to make smears of scrapings of the conjunctiva] epithdlium on 
glass slides. For preliminary screenii^ a dry unfixed film is stained for 
two min. with 5 pw cent, (w/v) iodine in 10 per cent, potassium iodide. 
On examination with tiie i in. objective indurion bodies are seen as deep 
mai^browii masses against a dear badigronnd of cytt^Uuun. 
iMtureof the mdusions can be confirmed by deooknirisicg the film with 
absoJto mdhyl alcohol which acts as a nxMive b^ore staiiiii^; 
Gimm (G&es, Smith Sc Sowa, 1958). Fresh films auy dsp ^ 
fior ten minutes in methyl alcohol and stained overnight trith a 1 in 10 
solution of Gimnsa’s stain. A search is that niade for the iMsdphilic 
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HaJbenttteMer-Prowaattk iudanons. Immune-fiuoiescent stsioiog 
the indirect me&od usii^ ASerum wi& a Mg^ titre of antibodi^ iiifNmst 
the group antigen of the psittacosis group of viruses can be used l(i |^ a 
rapid and spei^c diagnosis. 

In the complement-fixation reaction an unheated, punfied iBifigen 
is more effective than the group antigen in meamjring antibody le^ 
(Woolridge & Grayston, 1962). A neutralisation test wnag dm wus 
grown in HeLa cells may also be used to estimate antibo^^ levds in 
sera (Reeve & Graham, 1962). 

Sulphonamides and tetracyclines are very valuable ia the treatment 
of trachoma. 


INCLUSION CONJUNCTIVITIS 

A virus closely related to the trachoma virus causes induaicm 
blenorrhoea of the newborn or in adults; the inflammatory reaction is 
unlik e that of trachoma in that it is more intense in the lower eydids. 
The virus also causes urethritis and cervidtis in adults. 

It is yet to be decided whether the virus of inclusion conjunctivitis, 
is a separate entity or whether it is a trachoma virus of low virulence. 
These two agents are sometimes referred to as the “TRIG” viruses. 

The properties of the virus are those of the psittacosis-lympho- 
granuloma group; the inclusions formed in the epithelial cells are 
basophilic with a glycogen matrix and are indistinguishable morpho- 
logically from those of trachoma. When transmitted to human vdun- 
teers a severe conjunctivitis results, but there is no subsequent scarring 
or paimus (Jones & Collier, 1962); when inoculated into apes, a severe 
mucopurulent conjunctivitis is produced. The virus can be isohuted 
from infected epi^elum by the inoculation of the yolk sac of dud: 
embryos and has been cultured in this way in series and in quantity. 

Laboratory diagnosis is made by the examination of smears of 
corneal scrapings in the same way as for tradioma. 

Bpidemiokgy . — ^The reservoir of tire infection is tite human go^l 
tract and the virus is spread by venereal contact The virus may be 
present in cells without apparently causing any synqitoms, fin it has , 
been ^tected m smears of the transitional epithelial cells just witiuB ' 
the os uteri of apparently healthy women. In &e male it has been found 
to be associated with a mild purulent urethn^. A prtqmition of 
cases of non-gonococcal (“non-specific”) urethritis are due to infectixm 
with this virus. Tlie disease has been known in the past as “swimming 
batii conjunctivitis” from the fact that many cases have occurred in 
bathers. It is probable that tite wat^ may have been mfected by tim 
disdharges foom tite genital tracts of infected ^rsons. 

The virus may be tranunitted from the cervix uteri to tim babyism 
at bir^ giving rite to a severe, acute, mucopurulent ooi^imctivitis 
(“induupn blenorrhoea”). Thdre is, however, no corneal uloarafem 
and the lesions dowly heal without scarring. Tlauf^witittetracydmea 
or sulphonamides is effective. 

Fox a valuable survey of the **TS1C* viruses see JaWetz (1964). 
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Cst Scratch Disease 

Gat scratch disease is duuacterised by fever, malaise aod adenitis. The 
primary lesion is usudly a cat scratch or bite often developing into a cutaneous 
pustular lesion and fdlowed by a marked adenitis and bubo formation. Mere 
oontaict with a cat, however, has sometimes been thought to cause the infec- 
tion and has been follow^ by marked adenitis. Clinically the disease 
resembles many other infections of lymph glands especially lymphogranuloma 
venereum. 

The disease is thought to be due to a virus and elementary bodies of the 
psittacosis type are said to have been found in stained preparations of pus. 
Monkeys have been infected by the inoculation of the pus and develop 
nodules at the site of injection and a lymphadenopathy. 

In man the diagnosis depends on the use of an intra dermal teM with 
antigen prepared from pus from a lymph gland of an undoubted clinicu case. 
A positive reaction consists of a firm papule 0-5-1 *0 cm. in diameter Wthin 
forty-eight hours of inoculation. Although the results of such tests mpear 
to indicate that the antigen is specific, positive reactions should be interpreted 
with caution, since they may occur in normal people presumably as the 
result of previous undiagnosed infection. It is not yet clear whether cat 
scratch fever is a feline disease transmitted to man (e.g. feline pneumoiatis) 
or is an infection of which the cat is merely a vector. 


ENZOOnC ABORTION IN EWES 

Abortion and premature lambing is frequent in flocks on tick-free pastures 
in south-east Scotland and has been reported in New Zealand and Australia. 
The causative oiganism is a virus of the psittacosis-lymphogranuloma group 
(Stamp et al. 1950). 

Properties of tm Ftrtu/^ln size, morphology and staining reactions the 
ewe almrtion virus is indistinguishable from olher members of the group. 
It can be cultivated readily in the yolk sac of the developing chick embryo 
or on the ciioiio-allantoic membrane where it produces a marked generalised 
thickening. When injected intravenoudy into pregnant ewes abortion results, 
and when instilled intranasally in mice a pneumonia is produced. Catde may 
be infected experimentally and abort, but the disease does not appear to occur 
naturally in bovines. The virus possesses the same heat-stable complement- 
fixing antigen that is found in all die other members of die group. 

Lcboratory Diagnosis . — ^The gross appearances of the aborted placenta 
and membranes are similar to those seen in the bovine as a result of infection 
with BrucdJa abortus. Films should be made from the dueased cotyledons, 
fimm the chorion, and from purulent discharges. On staining widi Mac- 
chiavelb’s or Castaneda’s stain, many clusters of virw elementary bodies can 
be se^ widiin the cytoplasm of cells. The virus may be isolated by die ofgg 
caldi^ition methods used for puttaco^; usually seven to eight days pa»a ^iter 
inbculadon into the yolk sac before the embryos die. 

Epiiemudog^.—AiMition and premature lambing are the tmly arriking 
features of the infecdon and usually take place late in pregnancy, often in the 
hut two or three weda of the gestation period. Hie infected metnlwne * 
and thschatges contain bi^ anumnts the virus and are able to oontminate 
the pastures and lambing pens very heaidly. Probably iidect^ paatarel axe 
die eoamum source of mfetXion. Howevor, lambs iom of infected ewes 



FBLINE PNEUMONITIS 4IS' 

eurviTO TOd the ^rus in their tissues until maturity. When *j«!h 
animals are then^lves fertihsed they are frequently liable to alMit arid in 
om eimnmmt 27 p« ^t. ^bed with infected foetal membranes/WWEwwi, 
Littlejohn & Foggie 1951). It is possible that the ewe ab^on idrus oecnrion- 
ally iniecte there la one case recorded of a laboratory worhet who 

contracted the infection, 

. prepared from formolised yoBt sac cuhutea oSf the 

virus (McEwen, Dow & ^derson, 1955) precipitated with idum and •as* 
pended, in mineral oil, has been shown to stimulate the production of yiti i# * 
neutralising antibodies. The use of this vaccine by subcutaneous inocu^tibh 
before service has proved highly effective in reducing the incidence of ewe 
abortion. 


Feline Pneumonitis 

The aetiological agents responsible for the common forms of respiratory 
infections in the domesticated ^t are ill understood. “Cat flu“ is a very 
common and highly contagious illness, and much remains to be done in the 
study of this condition. From some types of cases American workers have 
isolated a virus which has all the morphological and cultural characteristics 
of the psittacosis-lymphogranuloma group. The feline pneumonitis virus 
has a similar host range to the other members of the group and after infection 
neutralising and complement-fixing antibodies appear. The significance 
and the incidence of infections with this virus in felines in Great Britain has 
yet to be determined. 

Murine Pneumonitis 

Several viruses associated with pneumonitis in mice have been described. 
Nigg’s mouse pneumonitis was isolated from a healthy colony and has all 
the morphological and general characters of the psittacosis, lymphogranuloma 
group. Hor^all and Hahn’s pneumonia virus of mice (PVM) has been 
isolated from healthy mice as well as from patients with pneumonia. This 
virus agglutinates mouse and hamster red blood cells. The natural occur- 
rence of mouse pneumonitis viruses must be borne in mind when human 
material is inoculated. The instillation of sputum suspensions into the nares 
of mice under ether anaesthesia may well activate a latent pneumonitis virus 
being carried by the animal. Furthermore, it is probable that mouse pneu- 
monitis viruses occasionally cause disease in man. 
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CHAPTER 39 

RICKETimE^ COXIELLA; H^EUROPNEUkoiiilA 
ORGANISMS; BARTONELLA 

The BickMsuu o^py a biological position which M^ h^nneiiliate 
between that of the smaller bacteria and the larger irlriiansf. Tliey 
resemble the former in that they are visible with the mkroscope, 
are known to divide by binary fission, have cell walls winch contain 
the amino sugar murannc acid, and are susceptible to the. action <rf 
antibiotics. It is, however, undisputed that, like the viruses, they are 
obligate mtracellular parasites. A further distinctive property 
rickettsiae is that they occur under natural conditions in the alimentary 
tract of such blood-suddng arthropods as lice, fleas, mites, and ticks. 
Some have no relationship to human disease, but others when tram)** 
nutted to unnatural hosts, such as man, cause severe diseases. The 
t]rphus fevers are due to infection by rickettsiae of various ^ecies 
and it is convenient to arrange these diseases according to the arthropod 
vectors which transmit them. 

1. Louse-borne typhus 

(a) Epidemic typhus 

(b) Recrudescent typhus 

(Brill’s Disease) 

(c) Trench fever 

2. Flea-borne typhus 

Murine endemic typhus 
Tabardillo 

3; Tick-borne typhus 

(a) Rocky Mountain spotted fever 
(&) South African tick bite fever 
(c) Mediterranean fever 
(fiivre boutonneuse) 

4. Mite-bome typhus 

(a) Scrub tj^hus 

(Tstttsugamushi fever) 

(&) RidtCttsialpox 

MorpM^ mi Cocco-badUi measuring 

0’35 in length and 0-25 in wid*. They are u8ua% desoM 
Gram-motive though they arc only fiunfly sti^d by wateiysomm^ 
of aniline dyes. Thiw are, however, readfly stained blue widi Oaat a mi i d a 
or Giemsa’t staina; with Maechiavello’s stain diey appear red againat 
a blue badkgfound. Plwwi(wrpbisin ia frequent and the wga nisafta 
occur singly, in or short or as filaments. R, ^rassanefca 


Rickettsia protoazekii 

R. prowazekH 
R. quintana 

R. mooseri (R. typM) 

R. rickettsii 

R. richttsU var. p^eri 
R, conmi 

R. tsutsi^imstM 
R. eiuari 



488 MEDICAL MICROBIOLOGY 

Juts a tendency to show slender filamentous forms whereas R. $no^ert 
shows shorter and broader rod-forms. Bipolarity with a suggestion 
of the presence of metachromatic granules is often evident in 12. 
tmttuganuM. In smears or sections of infected tissues, dun^ and 
masses of rickettsiae are often seen lying withfo the cytoplasm of 
en do th elial and serosal cells {e.g. in the celu lining the tunica vaginalis 
in aiperimentaliy infected guinea-pigs). Under the electron micro- 
scope they appear to have a mucoid envelope, a cell wall, and an 
electron-dense mass resembling a nucleus. 

Viability. — In general, rickettsiae are easily destroyed by heat, 
drying and chemical disinfectants. They die within a few hours at 
room temperature but may be preserved well in glycerol saline at 0° C. 
or by freeze-drying emulsions of infected tissue suspendedf in sterile 
skimmed milk. 

Under certain circumstances they may survive drying\for long 
periods and it is known that the dried faeces of lice and fleas ^y remain 
infective for months. 

Rickettsial growth is inhibited by chloramphenicol and tetracyclines 
which are effective therapeutic agents. Sulphonamides a^lerate 
the growth of the organisms, but para-amino-benzoic acid exerts a 
marked inhibitory effect and has been used with some success in 
treatment. 


Lalxuratory Diagnosis 

Cultivation . — The most satisfactory method for primary isolation 
is the inoculation of adult male guinea-pigs or mice. Whole blood or 
ground-up blood clot taken during the height of the patient’s fever is 
injected by the intraperitoneal route. The first signs of infection in 
the guinea-pig are seen after nine or ten days, when the animal’s tem- 
perature rises to 105° F. to 106° F. ; it remains above normal for four to 
eight days. If the animals are killed at the height of their fever rickettsiae 
can be demonstrated in Giemsa stained films of the peritoneal exudate 
and in impression smears from the spleen. Usually the animab recover, 
but R. tsutsugamushi is highly pathogenic and often kilb both mice and 
guinea-p%s within a few days. Some members of the group may 
produce transient and very mild infections. In the case of R. moosm 
however, well-marked swelling and oedema of the scrotum occurs with 
inflammation of the tunica vaginalb. Stained smears from rite tunica 
show intracytoplasmic rickettsbe in the serosal and endothelud .celb. 
Those members of the group causing epidemic and endemic b^hus 
fevers are seen in clusters in the cell ejrtoplasm and. those Causing 
i^iotted fever are also seen within the nucleus. In human tissues the 
odb most frequently infected are the endothelial celb and ffie smGK^ 
muade fibm around small blood vessds. It seems that ridke^abe 
fmw jbci^ in celb whose metabolic activity b depressed by meesurea 
whidb reduce the oxidative processes of rite o^ fa.g. a lowiatifl^ d 
tenqterature or a reduction of the oxygen tension}. 



WBIL-fBLIX REACTION 

AURtraiiu of ridkett^ cui be cultivated in the yolk Sftc 
etnbrjro. Using tlw method and incabating the eggs at SiSP. 
yields of the oiganisina can be obtained for vaccine production or for 
tl» pr^aralion of serological aniens. The method is only of limited 
value in primary isolation. Tissue cultures of mouse lymphosarcoma 
cells (Bozeman et al,, 1956) and rat fibroblasts (Schaechter, Bozeman 
& Smadel, 1957) can also serve as hosts for these organisms. : ■ 

■AtU^etac Sfywture,—Ea.cii species of rickettata 'possespes its own 
specific antigens whidi provoke the production Of honmlogous and~ 
bodies.^ '^ese antibodies can be measured by a^lutination and 
neutralisation tests, but are more conveniently demonstrated, by tho 
method^ of complement fixation. In washed and carefully purified 
rickettsial suspensions only the type-specific antigens remain, and by 
demonstration of these it is possible to differentiate epidemic from 
murine typhus, and both of these from the spotted fevers. Fluorescmit 
antibody staining offers a higWy specific method which can be applied 
either to the estimation and identification of antibodies in sera (Gold- 
wasser & Shepard, 1959) or to the identification of the rickettsiae 
themselves in the tissues of ticks or animals (Shepard & Goldwasser, 
1960). Strains of R. tsutsugamushi are antigenically so heterogeneous 
that the complement fixation reaction is of doubtful value in the diag- 
nosis of scrub typhus. There is also a soluble antigen which is group 
specific and is probably derived ^rom the mucoid envelope of the 
organisms. It reacts with antibodies in the sera of cases of boA 
epidemic and murine typhus though not with those from spotted fever. 
It must be emphasised that the antigens required for the specific 
complement fixation reactions are both difficult and expensive to pr^are 
and that these tests are of necessity only carried out in a small number 
of reference laboratories. 

Tb» Weil«Felix Reaction. — The Ridiettsiae of epidemic, endemic 
and mite-bome typhus and those of the spotted fevers contain in varyii^ 
amounts an alkali-stable carbohydrate hapten which is shared by a non- 
flagellate strain of Proteus and some of its variants. This hqiteci is a 
somatic constituent of these bacilli, which are readily agglutinated by the 
sera of convalescent cases of typhus. 

The reaction, first described by Weil and FeUx, is very ample to 
carry out and of great practical importance in the diagnosis (ff rickettsial 
infecti<ma. By ^ end cff tiie first week of the illness in epidemic Qr^nis 
the titre of agglutinins for Proteus OX 19 has usually reached a figure 
of 200 and a peak of 1000-5000 is reached at the end of tlm seamd 
week. The a gglutiniiui tend to ffisappear a few months after recovery 
and thus a poative Weil'^Felix reaction is a useful indication of recent 
infection. Cma^U^iait fixing antibodies pertist for much 
periods and by providmg evidatce of past infection, their > presiNiPa 
stables a TChKit^fMotive diagnosis to be nude. 

The Weil-Fudix reaction is performed in the same manner as tiie 
Widal tert except fihat an O-ai^lutiiudde suiqiension of ProUw X T9 
is used as agg^kitiniss are oi the 0 type. As this or^mism may 
revert to the H mrm it abould be grown on dry »gn, and sidxailtnraa 



made fiom noa-8fM«adu« aqjarate TIjjfciiiljiltilwtdiMed 

at 50° C. for four hours and thoi ofvwnigirt 37 liter whiidi final 
readings are made. The results of the Weil-Fclut tmt ihoidd be inter* 
preted strictly in rdation to the clinicd findings, hf a positive reaction 
is occasionally observed in other diseases such as undukmt fever, 
malaria, infectious mononucleosis and tuberculosis. ^ agglutination 

reactions with ^ and other Bvtaa suspensions in rjcfEettsud infcc- 


tions are shown in Ae table below. 


Par/ifdfuc 




0X19 

JL 

0X2 

OXK 

Epidemic . . 1 

Brill’s disease . ■ / 

Louse-borne 

+ -h “f 
Usually 

± 

negative 


Murine typhus 

Flea-borne 

+ + + 

+ 


Tsutsugamushi fever 

Mite borne 


— 

+ + + 

Rocky Mountain spotted 


4- + -l- 

+ + 


fever .... 
Fiivre boutonneuse 

SouA African tick-bite 

Tick-borne 

+ 4- 

+,+ 


fever .... 


4“ 4" 

+ + 



Epidemiology 

Epidemic typhus fever, known also as Classical or European typhus 
fever, is caused by JR. protoaxekU, It is spread from man to mai^ by the 
bite of the human body louse (Pediculus corporis) or more doub^Uy 
by the head louse (P. capitis). Although potentially world wide, the 
location of the disease is now limited to the Balkans and the Middle 
East, North Africa, Asia, Mexico and the Andes. Lice become infected 
when they bite ei^or patients suffering from tsrphus fever or carriers 
in whom the infection has persisted in latent form for many years. 
When the infected blood reaches the intestine of the louse, the ri^ettsiae 
invade the epithelial cells and multiply until the host cells distend and 
rupture. As a result, the faeces become heavily laden with the organ- 
isms and when they are discharged on the skin, dbe rickettme are readily 
introduced into the human host throu^ the abrasions caused by 
mmitching or through fresh biting wounds. When standards of personiu 
hygiene are low and whm a considerable proportion of the population 
are infested with lice, typhus fever may assume q>idemic pn^rtions. 
Such condiimns may arise in time of war, and if a reservow of the 
ruhettsiae in the form of a carrier of the latent infection is introduced 
into the community, typhus breaks out. The epidemic in Nicies 
dtuh^ Ae Seomid World War began in ffiis way, but was qtdwy 
cmtrolled ity measures t^iidb were tidmn ag^dmt the lice that were 
tiannnitting the infection. It was pos^e to ddouse the perwms of 
tjbe affected oonununity as well as ti^ dotlaa, bedding and dweSing- 
pboea by the use of a residual insectidde I>DT <didil0fo-<h^ieityl> 

} A •eni4wd MiqMasion eaa be obtaimd {mm ihe Ceahsl Public HeplOi Irfibor- 
sttHV, Coliadcle, Lmidoa. 
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«w tnuHiy by betng bkma 
tbiou^ 9^ intuffifttor. llie result of proiU|>t and tborouq^ use of 
0DT was ^ qpidmuc was cut short before it cotm i^pread 
throi^^out A« whole dty. 

Itickettsue nuQr persist alive in the tissues of recovered {Mtieots 
for as ko^ as twenty years without manifest symptoms. Occa^nally, 
however, &ey become active once more and cause a recureenoe 
typhus fever often in an atypical clinical form. Recrudescent typitus 
fever is known as BrW*s disease. 

Mnrine typhus is caused by R. mooseri {R. iyphi) said is primarily a 
disease of rats, amongst which it is spread by the rat flea {Xetu^IIa 
cheopis) and the rat louse {Polypax spitmlosus). Occasionally the rat 
flean carry the infection to man, and sporadic ewdewtic typhus fever 
occurs. This disease is world wide and is most frequent in areas where 
rat infestation is high. In Mexico it is known as Tabardillo, from the 
cloak’like distribution of the rash. The disease has sometimes spr^ 
in epidemic form in man, but the vector responsible is not certainly 
known. 

Spotted Fever. Rocky Mountain spotted fever was first recogni^ 
by Ricketts in western Montana in America. The causative organism 
is R. rickettstt. Spotted fever also occurs in North Africa aloi^ tlw 
shores of the Meihterranean, where it is named “fifcvre boutonneim” 
and is caused by R, conorii. In Kenya and South i^rica similar mice- 
tions are due to R. rickettsU var. ptjperi and othw rickettsiae. Spotted 
fever also exists in Mexico, Brazil and Colombia. The organisms ate 
transmitted by ticks usually of the Ixodidae family, e.g. Demacentor 
andersom, a vector of Rocky Mountain spotted fever. Ricketts^ enter 
the human host either by the bite of the ti<i or through ^ute ab^ns 
such as may occur when an engorged tick is crushed m the migers. 
Fresh tick faeces are infectious, but dried f^es, in conl^t to m 
lice in epidemic typhus fever, are non-infective. Nor^y R. rumum 
inhabit healthy ticks and are passed tranimvanally JS 

cycle. Vertebrate hosts such as horses and ^gs are occasio^y 
by ticks and become for a time reservoirs of infection. Mter feediM 
on such animals, engorged ticks are a common source of mfection tor 


man. 

Scrub typhus is caused by R. t^anmU^ j 
the bite of ^ larvae of mites (Trombtcula afuumh or T. 
larvae become infected after biting an i^ected host f 
ate then carried to the adult mite and thenre ^hrou^t thehfe^ 
to the egg and to the larvae once more. „ 

by the ^mg larvae which bite ody once and 
wild rats and oAer rodents. The Iwrvae are found 

vegetatiem and on moist ground, whence ^ and tiwit 

S<Jub typhus is very difficult to control because thejmw j^d^ 

larvae can only be eradicated by deari^ away 

and drying the groimd where camps or houses are to be^s^^w^^ 

chcmiwls sodi as dtewffiyl phthalate are used as an omtment tosetts 
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a repdfent, and cbemoproph^axia with chloramphenicd is of coofider* 
able value. 

Rickettsial^pfa is a mild disease which occuis in the U.S.A., Wmt 
imd South Africa and the U.S.S.R. It is caused by R, iiibon which anti- 
genically is closely related to members of the tick borne group espeddly 
R. richettm and R. cmom. The reservoir of infection is the house 
moiise and the ixifection ia spread to man by the bite of ihie comnum 
mouse mite AUodemanyssus sanguineus. No Weil-Felix antibodies are 
produced in man and complement fixation and neutralisation tests are 
used for diagnostic serology. R. akari causes a marked scrotal reaction 
in mice and guinea pigs five days after intra-}>eritoneal inoculation. 

Prophylaxis. — ^Active immunisation against typhus is usually 
carried out with a formolised vaccine of the Cox type fori which the 
rickettsiae have been cultivated in the yolk sacs of developing chick 
embryos. A vaccine of this type containing R. protoazem is used 
against epidemic typhus and one containing R. mooseri against endemic 
typhus. A similar vaccine containing R. rickettsii is employ^ against 
Rocky Mountain spotted fever. The latter is given early in summer 
mondis before the ticks are active. 

Cox-type vaccines are administered in three 1*0 ml. doses at intervals 
of seven to fourteen days. Booster doses of 1-0 ml. are needed at yearly 
intervals or more frequently if the risk is great. Antibodies may persist 
for some years after inoculation. The booster dose results in a prompt 
rise of circulating antibodies reaching a peak in about ten days. A 
second type of vaccine prepared from “strain a living attenuated 
strain of R. prowazekii, is at present under trial and shows considerable 
promise. Although reactions have followed the use of this vaccine it 
has caused no harm and has given a firm immunity against epidemic 
typhus for as long as five years (Fox, 1956). 

In scrub t)rphus formolised vaccines of R. isutsugamushi have 
proved to be ineffective. A vaccine of a living strain is under trial and 
the infection it establishes is controlled after some ten days by chlor- 
amphenicol therapy. The procedure is, however, not without risk, and 
on account of the antigenic heterogeneity of the R. tsutsugamushi its 
effectiveness is in some doubt. 

Chemotherapy. — ^Tetracyclines, chloramphenicol and para-amino- 
benzoic acid all exhibit a rickettsiostatic effect. The tetnuydines and 
dilotamphenicol are more or less equally effective against louse-bome, 
flea-bome, tick-bome and mite-bome typhus fevers. 

^ Trench Fever, a form of louse-borne typhus fever, is caused by 
Rickettsia qumtema. The disease occurred in both world wars and was 
shown to be transmitted from man to man by the human louse. R. 
quiatam^ has been prop^ted in the intestinal epithelial cells of lice, 
but not in eg^ or tissue culture. There are no specific laboratory tests 
for Trench fever. 

: HiAjRTWAm DISEASE of cattk, ahec^ and goats is caused by 
ikrtsirw ruminantium. It occurs in Central, East and West Altka aim 
^ infedian is spread by the bite the *lx>nt*’ tidk {AaAiyoshm 
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.Effected an i rna la develop high fev<ia:. . i»^ 

oedematous swclUag*. the nmt chsiict*J»tic of 
pericardium, which gives the disease its name. Ricket^be are ftxmd 
in large munbers in the endothelial cells of capillaries of many intetiud 
organs, e^ially those <rf the brain and resoal glomeruli. It is 
that the serum from recovered animals can transmit a mild infecticm 
to young dives and it has been used in attempts to procure active 
immunisation. 

Tick-borne fever of sheep in Great Britain has bwn Csgsrded as a 
rickettsial infection and inclusion bodies are obsmed within the 
cytoplasm of granular leucocytes and monocytes. The organism is 
also found in cattle and goats. 


QFEVER 

Q fever is an acute systemic infection usu^ly characterised by an 
interstitial pneumonia; unlike other rickettsial infections it has no rash. 
The name of the disease is derived not from Queensland in Australia, 
where it was first recognised, but from the letter Q in “Query”, because 
for some time its aetiology was uncertain. The signs and symptoms 
are usually referable to the respiratory system but are very inconstant. 
Often the first indications of the diagnosis are the characteristic multiple, 
patchy areas of infiltration or the segmental consolidation seen on 
radiological examination differing somewhat from the more circum- 
scribed lesions of a “primary atypical pneumonia”. More rarely the 
disease may declare itself with the proloi^ed fever and embolic signs 
of subacute bacterial endocarditis. 

Coxiella burnetii is the causative organism. It is an obligate intra- 
cellular parasite, pleomorphic in appearance, and measuring 0-25 fi by 
0-5 /X to 1*5 /X in length. It is frequently seen as a diplobacillus and 
closely resembles the Rickettsiae in its morphology. The infective 
property of Cox. burnetii has been passed through a collodion membrane 
of an average diameter of 400 mjx. The organism infects guinea-pigs, 
hamsters, mice and the cells of the yolk sac of the developing diick 
embryo. It appears as clumps or masses within the cytopksm^ df 
endotheUal and serosal cells such as th(»e lining the periton^ 

Cox. bumetU is remarkably resistant to desiccation and may surv^ 
fox long periods in the tissues or faeces of infected tides. It remains 
viable for several days in water or milk. It can witiistand heat at 60*’ C. 
for one hour, survives 1*0 per cent, phenol for one hour, and 1 in .1000 
merthiolate for a wedk. _ 

Cox. bumetu thus possesses properties which are distinct from those 
of all the other metnbets of the famify Rickettsiaeeae, It is 
highly resistant to bf* and disinfectants, dems not produce a rash la 
infected persmis and does not elidt the i^^timn to tto Rrobem-%,. 
strains which chatnetmises Ae typhus fevers. For Aese reasoen im 
organism is no longer t^ardedas a true I&itettm and has been dea%- 
nated the prototype of a new genus* — CoxieRa. 
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— Cox. iurnetH is tihe cause emoatim intcetioaa in 
domesticated animals such as catde, die^ and gotta, ’’nie discam is 
found through-out the world and has been reported in fifty diffident 
ccnmtries, inchtdii^ the United Kingdom. A|^aiently healthy aninuds 
may excrete coxielke in their milk and also during parturition^ when 
huge numbers the organkm are present in the placenta and the birth 
fluids. Man may be infected by drinking contaminated milk or, more 
commonly, by inhaling the infected dust from the straw and biding 
soiled by the animals. There are many instances on record of the 
infection of workers by the inhalation of infected material in the 
laboratory. The infection is prevalent in many wild rodents, particu- 
larly in the bandicoot in Australia and in pigeons and other birds. Cox. 
burnetii is conveyed from animal to animal by the bite of ^ks. More 
than twenty species of ticks mostly of the Ixodidae ana Argasidae 
families are known vectors. It is uncommon for the orgamsm to be 
carried throughout all stages of the life cycle of the tick and for the most 
part these ar^opods are infected from the animal reservoir! (Stoker & 
Marmion, 1955). Ticks seldom if ever transmit the disease to man. 
The risk of person-to-person transmission of Q fever is small, yind strict 
isolation precautions are not needed, but infection has occurred from the 
autopsy of a fatal case. 


Laboratory Diagnosis 

This depends on the recovery of Cox. burnetii from the bldod in the 
early febrile sU^es of the illness and on the results of serological tests for 
specific antibocfies. The Weil-Felix reaction is negative. 

Isolation of the Causative Organism. — Heparinised blood should be 
inoculated into as many susceptible hosts as possible, e.g. intraperi- 
toneally into guinea-pigs, and hamsters and into the yolk sacs of five- 
to six-day-old chide embryos. Guinea-pigs and hamsters do not die 
from the infection and seldom show any obvious sign of disease. The 
animals must be Carefully observed for signs of illness and the rectal 
tonperature should be recorded twice daily. When any definite fever 
or illness is detected, the animals should be killed and blood and tissue 
extracts from them should be injected into fresh animals. Smears 
from the spleen, liver and from the yolk sacs of chick embryos of 
sluggish movement should be stained by Castaneda’s and Macdua- 
ve&’s stains md acamined for the presence of rideettsia-like organisms. 
Animals which do not sicken should be bled by cardiac puncture after 
two weeks and the serum examined for antibodies to Cox. burnetii. ^ 

For CoHiplemtni~faeation tests killed antigens of ^g ad^ted strains 
ctf Cox. burnetii are used. The Mensserling strain (Itd^) aiM tius Nine 
Mfie strain (American) obtained from infected yolk are in general 
vm. Freshly isolated strains do not react well with Sera in enrly con* 
Tsieseence and it is only after adi^on to the egg tiiat fully reactive 
antig^ can be prqn^ (Stdeer, Fage & Mnraakm, 1955). The 
nsethods used to make tibe antigen and to cany out the feat meshadhr 
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to llMwe -used ia ptittacsMos. Ajttibody litres rise llrpta 'to iiriritd loiW 
level to figures raagmg from 64 to over 1000 m couvalescenoe. IX^oree 
samples irf serum should be u»ted, the fiitst tal^ at the cmset pf the 
illness, and the second and third at ten-day intervals thereidtto 

Conirol measures for Q fevo: must include the adequate pasteurisa- 
tion of milk. Coxiellae may not aU be killed at 143° F. fw 30 mm., but 
are killed at 145° F. for 30 min. The “flash” method of pasteurisathm 
(161° F. for 15 sec.) is adequate to eliminate Viable Co^ fttmtsAk From 
raw milk (Enright, $adler & Thomas, 1957). In the IdKMUtory great 
care must be taken with infected animds and eggs and ritey should 
always be handled widiin special inoculation cabinets, uhere t^ risk of 
contamination of the air is eliminated. All carcases and eggs should be 
immersed in disinfectant solution and then incinerated. The use a 
vaccine of the Cox type if available is indicated for laboratory per- 
sonitel and for persons whose work brii^ them into contact wirir live 
or dead animals. 

Both chloramphenicol and the tetracyclines are effective therapeutic- 
ally in Q fever. 


PLEUROPNEUMONIA-LIKE ORGANISMS 
Mycqplasmas 

The pleuropneumonia-like organisms (PPLO) are very small para- 
sitic or saprophytic microorganisms characterised by their lack of a 
rigid cell wall, great variability of all morphology and characteristic 
"fried-egg” colony morphology on agar culture medium. They are 
almost ubiquitous in nature. The best known members of the group 
have been recognised for many years as the cause of great epizootics of 
severe respiratory disease of cattle, sheep and goats; others cause 
chronic respiratory disease in poultry and many different animab. 
Recentiy it has been established that Eaton’s ^;ent, which has been 
proved to be a cause of primary atypical pneumonia in man, is not a 
virus but is capable of growth on inanimate culUue media, and is for 
this and oAer reasons a true myc(q>la8ma (Channel Hayflii^ & Bariid> 
1962). It ^ been given the name of MyatpUtsma pneumoniae. A 
considerable number of pleuropneumonia-like organisms are flmnd as 
co mme nsals in tiie oral cavity and in the genital tract in man, and in 
cattle, do^ tod other animals. Mycoplasmas have been isola^ from 
various pathological conditkms of the female genito-urinary tract and 
from non-gon<HX)Ocal urethritis in man, but the aetiological rote of tiiese 
organisms has not been proved. One species, M. UudUssm, is a sapro- 
phyte Aat can be reooveted frmn sewage, manure, soil, etc. 

The or ganisms are dbtssifiled as the genus M^eepiasma (in the or^: 
MycopUumatelm) vritich at present contains rixteen distinet qiecies. 
Fhey axe small but variable in size, die smaller vadte femns meaSurhig 
0'125-<O*3 u in danwter and bring oqitbki ci passing duough bacteria’ 
stopping utera. They differ from odio: barieria in that they lach a 
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rigid cdl waU, a diefideikcy duU; resulls in extreme vatiadtHia dudr 
morphology beii^ produo^ by cfaai^^es m thdr envinmmenbd dxcum- 
Btances. Urey are Gram-negative, rum-motile and non-apormg. They 
can be cultivated in the absence of living cehs in nutrient media heavily 
enriched with serum and most species have been found to require 
cholesterol or related steroids as an essential metabolite (RodweU, 
1%3). It is a characteristic of the genus that their growth is inhibited 
by organic gold salts in vivo. For reviews of the properties of myco- 
plasmas see Edward (1954), Adler & Shifrine (i960) and Klieneberger- 
Nobel (1962). 

Mt^hology . — ^The appearances of mycoplasmas are best sem in 
agar block preparations (0rskov’s method) or in impression smears 
made from young colonies grown on solid media. Dark ground micro- 
scopy of wet films offers foe best results. In fluid cultures, stained 
fihm are often unsatisfactory. The oiganisms are highly pleomorphic 
and show granules of various sizes, disc-like and amoeboid structures, 
as well as rings, clubs, filaments (up to 100 /t long) and viprionic and 
starlike forms. The smallest viable granules, or coccoid foi^, which 
are filter-passing, are often called elementary corpuscles. \ 

These many diverse forms are due in part to the fragility of the 
organism and its lack of a cell wall and in part to its reproductive process 
which is not confined to simple binary fission. Environmental in- 
fluences, osmotic pressure (Leach, 1962), and trauma to the organism 
when films are being made all influence its morphology. 

Klieneberger-Nobel (1962) has described successive phases of 
growth beginning with a granule (elementary corpuscle) 0*125-0*3 n in 
diameter which is the minimal reproductive unit. This granule flattens 
on the surface or in the agar to give an irregularly shaped mass (0*4-0*9 ii 
in diameter) and as growth proceeds dense concentrations of material 
appear within the cytoplasm and are often placed at the periphery of 
the cell. The large body undergoes multiple fission, the cytoplasmic 
concentrations be^ separated to give newly formed granules which 
then give rise to a new generation of the larger elements. A similar 
process is observed in fluid cultures; there is a tendency for the 
granules and larger cells to form filaments which later become trans- 
formed into chains of small bodies which divide up, to liberate these as 
granules. Granules may remain attached to the parent cell or msy be 
cast loose so that many differing con%uraticms may arise. 

Staining . — ^The organisms are Gram-negative but stain poorly with 
the usual anilin e dyes. They stain satisfactorily with Giemsa by the 
ptohmged method. On agar the oi^ni^ may be stained by Dienm’ 
stain; colonies of mycoplMma retain the blue stain for two ihyu while 
those of neaify all offter bacterial cobnies lose the colour in half m 
hour. M. gflOSnarum, however, is im exception. Dienes' stain omtains 
anure II 0*25 g., methylene blue 0*5 g., m^tose 2*0 g., Na^COi 0*05 g., 
benzobaod 0*04 g. and distilled water ^0 ml. Myoopbamae in tissues 
can be Iftabed by an intensified Giemsa method (Goodbum & Marmion, 
19^: la wiUch the secdon is pre-treated for 2 minutes with a foeshiy 
made 1*0 pear cetA. w/v sohitum oi potasshim pomangm^ate beiM^ 
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overp^t stamiog 'vvith 1 in 25 Giemsa's stain. Final dsSmmtktitMi 
is witfe iO*S per cwit w/v acetic acid. 

Cidiural characters . — Cultures of most strains can be (Axtsiiied 
aerobicaify on serum enridied media aldiough some (e.g. M. saHoarium) 
require 10 per cent. COj for growth. For primary isolatkia fnmi 
material contaminated with other bacteria me foUowing selective 
medium can be used. PPLO agar (Difco) is enriched with 20 per cmt 
unkeated horse serum, 10 per cent, of an extract of fredb |reast (see 
Chapter 47) but never heated over 75° C., and decn^tibfnmnd^c a ci d 
(sodium salt of nucleic acid from thymus gland, BDH) 20 /ug per nd. 
Penicillin 50 units per nal. and thallium acetate 0*25 mg. per ml are 
added to control Gram-negative and Gram-positive bacterial con- 
taminants. The final pH of the medium should be brought to pH 
7-8-8-0 (Edvmd, 1947) by adding 2-8 ml. of M/1 RgHPO* for each 
100 ml. medium. Subcultures are made by excisii^ a block of agar 
bearing one or more colonies and transferring it to a fresh semi-solid 
agar plate (enriched as above and with or without the selective ^ente). 
The agar base can be made conveniently by adding 10 ml. PPLO agar 
to 90 ml. PPLO broth (Difco). Growth visible microscopically occurs 
in 2—12 da]^ under aerobic conditions; it is not readily discernible by 
the n^ed eye. In fluid medium it is seen as a very faint gmeral 
cloudiness or granularity. On inoculation on solid agar the small 
granules seep into the agar medium and are caught in the fibrillary 
meshwork of the agar gel. They grow upwards to reach the surface 
where a thin layer of growth spreads outwards from the centre of the 
colony in the film of water on the agar surface. The colonies are seat 
to have an irregular but entire edge, the centre is heaped up, often 
granular, and is surrounded by a thin transparent peripherd rim. 
Most species give this typical “fried egg” appearance but some, e.g. 
Mycoplasma pneumoniae, may not. In cross section the colony has die 
outline of a drawing pin. The central portion of the colony is adherent 
to the agar. At three to four days, depending on the medium and the 
strain, the colonies measure 20-600 ft in diameter and can be seen only 
with the plate microscope; by about 7-12 days they may readi i^prox- 
imately 2-3 nun. in dia^ter and will then be visible to the naked eye. 
The morphology of the colony varies with the species; it can be 
studied in unstained agar block preparations using phase contrast miccoK 
^py or after staining by Dienes’ method {<oide mprn). A rapid 
identification of the colony may be made by stainii^ witii specm 
fluorescein labelled antisera (Marmion & Hers, 1963). Sheep or {^unen* 
pig blood cdk are l;^»d by some strains including M..psstmKHcm. For 
this purpose one part of 50 per cent, cells in Alsever’s stdution is added 
to three parts of 1 per cent. Bacto agar in normal saline and is layered 
over a 2-5 day old ^ture. Haemolysis of the a or /3 tyf^ appeals aft» 
reincubation for 24 hr. and is Seen as zones 2-5 tapi, in diameter aiomp 
the colonies. Wlm 0*5 par cent benzidim is inoup^ratedm the blood 
agar, hydrogen peroxide is formed causing a blackening of 
^hich makes them more easily counted. M. pneunumiae cacL'be 
vated by the ammotie iimcnlstian oTlS day tdd duck anbtyos' ^ 

2 1 
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otganism is recovered £rom lungs dF the endnyos 6^7*days’ 
incubation at 35° C. Hiis organism can abb be cultivated in prin^uy 
nKndcey kidn^ and in continuous lines of human amnion and human 
embryonic Itmg cells vdiere a cytopadiic effect is detectable by Gbmsa 
or mimmal fluorescent stains (Eaton et id., 1962). 

Btodmacal Reactions. — M. pneumoniae ferments glucose, maltose, 
maimose, dextrin, starch and j^lose without gas formation and can 
iherdby be distinguished fimn two human commensal mycoplasmas, 
M. sedivarium and M. homms, which do not attack carbohydrates. 
Another human commensal, M. fermentans, attacks most of these catbo* 
hydrates but fails to ferment mannose or xylose, M. mycoides ferments 
glucose, maltose, mannose, dextrin, starch, fructose and glycogen. M. 
e^alactiae and M. gdUinanm do not attack carbohydrates. 

It should be noted that horse serum is not suitable as ani enrichment 
for the sugar containing media because it contains maltases and diastases 
which may engender false positive reactions. Human or rabbit serum 
may however be used. 

VudnUty . — Cultures on solid media remain viable at \4° C. for 
periods of up to 2 weeks but fluid cultures at this temperature die out 
more rapidly. Cidtures on semi-solid agar stay alive without sub- 
culture for 6-12 months if preserved at —20° C. or lower. Myco- 
plasmas are readily destroyed by heat. Depending on the type of 
culture medium xised M. pneumoniae will survive 4 hr. at 20° C. and 
15 min. at 56° C. This organism is inactivated by ether and its growth 
like that of mycoplasmas generally is inhibited in vivo by sodium 
aurothiomalate. 

Antigenic characters . — ^Each species of mycoplasma appears to be 
antigenically distinct and little or no sharing of antigens has been 
rqmrted. There are two antigenic varieties of M. hominis and three of 
M. ImdlawU, the saprophyte from sewage. 

Animal pathogerdcity . — ^When M. pneumoniae is introduced intra- 
nasally into hamsters or cotton rats it causes a patchy bronchopneumonia 
which can be seen at autopsy in animals killed about 12 days after 
inoculation. 

M. mycouUs is pathogenic for cattle, sheep and goats but not for 
rabbits, guinea-pigs or rats. After simple inoculation in cattle the 
natural disease does not follow although an extensive local inflammatory 
reaction is developed. It is difficult to reproduce typical bovine con- 
tagious pleuropneumonia by any form of inoculation but in some breeds 
oi cattle it cm be achieved by obliging 4hem to inhale a fine spray of 
virulent culture. For further details of the pathogenicity of animal 
my(x>ida8nua see Turner (1959). 

Epidemiology 

The only pleuropneumonia organism kiH>wn definitely to be patho- 
genm for man is M. pneumoniae (l^ton’s agent). It causes ffiat mm of 
atypical pneumonia in which t^ patients develop smim 
nfgtSxttit Sttepioeoceus MG and against human erydrrooytea hi fihe cold 
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(C ^n ock 1961; GoocHnitn, Mannum 6c Keiulall, 196^}. 
otguBSOi'faM bem jxroved to have caused outhtealcs of acute. 
disease and pneiuncuua in dosed communities such as boardhig'lidbiMdi 
and milit a r y bMracks. It is probable that surveys at present in pto||res8 
will show that Eaton’s agent is distributed udddy and sotaevdliat 
irre^arly in die general population and that it is responsible for a 
variable proportion of cases of respiratory infen rinpi^ all i^^es. : 

M. Aommw is of doub^l pathogenidty; it has b^ found m the 
genital tract (particularly in the uretiira and tiie vagka) in dxmt 2 per 
cent, of healtiiy blood donors and children, and in ' 56- per c^t. of 
women and 24 per cent, of men attending venneal disease dinios 
(Card, 1959). The role of the organiun in ‘hion-specific” or non* 
gonococcal urethritis is uncertain. The mycoplasmas can beconw 
established in the vagina when the pH is raised above 4*0; bacterial 
infections that raise the pH enhance the growth of mycoplasmas. The 
normal nude urethra, because of its high pH, is a good site for growth. 
The major mode of spread in man is by sexual contact. 

M. mycoides has been known for many years as the cause of con- 
tagious bovine pleuropneumonia, epizootics of which have been respon- 
sible for enormous economic losses in cattle and sheep. The disease 
still exists in many parts of the world but has been eradicated in Western 
Europe and Nortii America. The clinical disease takes the form of a 
chronic interstitial pneumonia with sero-fibrinous pleurisy and oedona 
of the interlobular septae of tiie lungs; it may be acute in onset and 
rapidly fatal but frequently it is subacute or chronic with organisation of 
the exudate. In many of the latter cases areas of segmoited necro^ 
occur in the lung tissue and subsequently become encapsulated. The 
organisms may persist in the lesions for many months and such animals 
form a reservoir of infection which is responsible for the perpetuation of 
the disease. The disease is spread by droplet infection during dose 
proximity between infected and susceptible animals. Epidemiok^kal 
control is difficult because about 20 per cent, of infected animals swer 
only from inapparent or subdinical forms of the illness and 10 fwr cent, 
become chronic carriers; these animals form a reservoir of infectimi 
that can be detected only by serological means. 

M. t^tacHae causes a generalised infection in sheep and^goats with ^ 
lesions locaHsing in tiie joints, eyes and mammary glands. Infection ' 
is by ii^^estion of foodstuffs contaminated with pundent disdiai^. 

M. gaUiseptiam is a primary cause of chronic respiratory disease fo 
fowls, turkeys and Other birds; a disease of consido^bte eotfocmtic 
itnportance. Other species of myct^lasma have been foimd as etMB^ 
mensals or as patiu^g^ens in pigs, dogs, rats and mice. 

dmoiotihenqi^. — ^Mycoplasmas are insensitive to 8u4>h!iMBBtd(» 
and pemcUlin but sensitive to ddorampheaicol, tetracyd^ Kecsnydn 
sod Kanamydn and tylosin tartrate. Species vary in tiidr sennitivity to 
strqitomyeia <md erythnunydn. In general human infections with 
^ese oiganttms ro^K^ te treatntent tetra^KdineSi -■-■"f".'- 

^ many typos of vacdnes that have been lifod 
bovine pkniofmemnoafo tite hving diidt otfotyo dmdae df 
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Slieriff and Piercy (1952) is perhaps the most effective bat» iaeome 
breeds of catde carries a grave ri^ of severe reactions and the k«s. <ff 
nnaU numb«8 of animals. 

Rslatiomhip to “L-form** of bacUria. — ^The lack of a rigid cell wall 
and the similarity in moi^ology and colonial characters between 
mycoplasmas and L-forms of bacteria has suggested to some that it may 
be possible for transformation to occur and that bacteria may give rise 
to n^coplasmas or the reverse. The L-forms of bacteria are variants 
lacking a rigid cell wall and their origin is practically always the result 
of art^ial procedures which are carried out in the laboratory; they 
have not been found to occur as pathogens in luiture. The distinctness 
of the antigenic characters of the various species of mycoplasmas, their 
widespr^d distribution in nature, and their cholesterol ^uirement 
would tilt the balance of evidence in favour of the view tMt they are 
separate entities devoid of a bacterial origin (Klieneberger-Nobel, 
1962). ^ 


Primary At3rpical Pneumonia 

There is now sufficient justification for regarding primary atypical 
pneumonia (PAP) as a separate entity that differs clinically and aetio- 
logically from the primary and secondary virus pneumonias. The 
disease is characterised by moderately severe respiratory involvement 
with bronchitis and pulmonary consolidation. The limg charges are 
usually unilateral with patchy opacities often seen on radiological 
examination to extend fan-wise towards the lower lobe. Ldss severe 
febrile respiratory manifestations may occur, especially in children. 
Characteristically the patients develop serum a^lutinins for Strepto- 
coccus MG, and for human er 5 rthroc)rtes tested in the cold. The cause 
of the condition is Eaton’s agent which was for many years thought to 
be a virus but is now known to be a pleuropneumonia-like oiganism 
and is named M. pneumoniae. Antiboffies to this agent are developed 
during the infection and can be demonstrated by neutralisation, comple- 
ment fixation, and immune fluorescence. In one series of patients 
developing antibodies to M. pneumoniae, 47 per cent, also developed 
cold agglutinins with or without antibodies to Streptococcus MG 
(Mufson et al., 1962). However, 92 per cent, of the sera containii^ 
cold agglutinins contain antibodies to M. pneumoniae. The nature of 
th^ reactions has not yet been elucidated. 

LiriKMralaiy diagnosis. — This usually depends on the demonstra- 
tkm of rising titles of cold ag^utinins and of antibodies for Streptococcus 
MG, combined when posrible, with estimations of antibodtes to 
M. pneumoniae by complement fixation (Chanodk et al., 1%2), or 
immune fluorescent methods (Goodbum & Marmion, 1%2). 

Tlie causative oiganism may be isolated by the direct cultivation of 
^tmn or swabs on a selective culture medium. Protff that ffie mis- 
pected colonies are timse of myo^lasmas is obtained by showiBg (o) 
that tiie cokmy stains positively with Dries’ stain, (6) tiiat its omtiri 
«rea is adherent to the agar, (c) aubcultuies from it wiU not grow in 
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reactions are then checked hiit 
*»«fc by the fluorescent 

antibody technique usuig a known positive serum. 


BARTONELLA BAdLLlFORMES 

TWs orgaa^ is the of two quite distinct cHnical conditions: 
Oroya fever, characterised by intermittent pyrexia, anaenua and HicA 
mortality, and Verruga peruai^ a benign, nodular tkm ertmtion. m 
organism under natural conditions grows on or in the erythrocytes ^ 
man or m the cytoplasm of his tissue cells. These infections are found 
only m mountamous districts in South America (Peru, and 

Colonmia). The disease is transmitted by the bite of aandfljf^ FMdh 
otomus verucarum in Peru and P. colombiamm in Colombia. 

The infective agent is seen in red blood cells as minute rod-shaped 
forms 0'3-2'5 n in length; it is extremely pleomorphic and coccal 
forms are frequently found. The organism is actively motile, with 
1-10 flagella attached at one pole of the bacillus. Flagella are not seen 
in blood films but are regularly present in cultures. The organism is 
Gram-negative, non-sporing, non-encapsulated and an obligate aerobe. 
It can be grown on semi-solid agar enriched with 10 per Cent, rabbit 
blood at 28® C. or on a tryptone-serum medium (Gieman, 1941). It 
can survive many weeks in blood or blood cultures. Inocul^ intra- 
cutaneously in monkeys, BearUmeUa badlUfortm produces Verru^ 
re^larly, but Oroya fever is manifest only occasionally ^ 1 n^wH^ ^ 
animals have previously been splenectomised. HaemobartoneUa muris 
is found in vi^d rodents and in many strains of laboratory tats. A 
considerable proportion of the animals show no sign of disease and 
react only mildly if inoculated with the organism. It has been observed 
that after splenectomy in rats, organisms which closely resemble 
Bartonella moniUformis frequently appear in the red cells; the infoction 
is associated with marked anaemia and often has a fatal result. Presum- 
ably latent infecti(m is prevalent in rats associated with a certain degree 
of natural inununity which is broken down by removal of the 
The infection is louse-borne. 

Other specie of HaemobartoneUa have been described in 
guinea-pigs, squirrels, bovines and dogs. . ’ 

It should be noted that these organisms are unusual in that 
can 1^ cultivated artificially and show a marked tendenmr in nature to 
m^tq>ly within the host’s oeUs. Bartonella and HaemebartoneUa am- 
atitute two genera of the family BartoneUaceae and have been btwi^ 
together wifo the Rickettsiaceae in the order Rickettsiales. For a twsiete 
Bartottdlaoeae see Peters and Wigand (1955). 
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CHAPTER40 

PATHOGENIC FUNGI 

Infections produced by the true fungi> or Ev$nycetes (p, 5), are usually 
desigiutcd “mycoses”. These infections are of less iniptataiioe in 
medicine than bacterial and viral infections. Some inSsciuHiB are 
very common, e.g. rii^;worm infections of slrin, hrif awt itaik, and 
Candida infections of the skin and mucous membranes, but these infec> 
tions are superficial and rarely a danger to life. Deep and systemic 
fungri infections, 'which may often be fatal, are relatively uncommon in 
Britain. The pathog^c fungi are insusceptible to die antibiotics th^ 
are used successfully in the treatment of bacterial infections and there is 
a lack of useful and effective antifungal drugs that can be administered 
systonically.^ Because of their drug-resistance, the fungal infecdons, 
particularly infections with Candida albicans, have become more pro- 
minent since the advent of the antibiotics. Thus, effective treatment of 
a bacterial infection with antibiotics may lead to an intractable secondary 
infection with fungi. 

The Eumycetes can be divided into four morphological groups, each of 
which includes some pathogenic varieties. (1) The moulds (filamentous 
or mycelial fungi) grow as long filaments (hyphae) which branch and 
interlace to form a meshwork (mycelium), and reproduce by the forma- 
tion of various kinds of spores. The major part of the mycelium, the 
vegetaiwe myceUum, grows on and penetrates into die substrate, absorb- 
ing nutrients for growth; sometimes it forms asexual t^ospores. 
Other hyphae constitute the aerial myceUum and protrude from the 
vegetative mycdium into the air; they form and disseminate into the rir 
various kinds of spores. When gro'wn to a large size on artificud 
medium, the mycelium is seen as a filamentous mould colony; this may 
become powdery on its surface due to the abundant formation of spom. 
The filamentous fungi usually are only locally invarive in die body and 
spread to fresh hosts by their spores, e.g. the ringworm fungi. 

(2) The yeasts are unicellular fimgi which o<xur mainly as sin^ 
spherical mr ellipsoidd ceUs and reproduce by budding. On artifii^ 
media they form compact colonies vrith a creamy, mucoid ox pasty con> 
sistence {e.g, like those of staphylococcus). They grow diffusriy dmm|^ 
fluid media and may ^read readily through &e animal body, e^; 
Crypuxwcus ss^ormsms. 

(3) The yeast~Uke fm^ grow pardy as yeasts and partly as fang fihH 
mentous cells joined end to end, fornung a “pseudomyceliam”, e.g. 

Candida a&icam. 

(4) The dm orf kic fta^ grow ddier as filaments or as yemts, accwd- 
to the ctdtund conditions. Growth usually tid^- plat^ in-the 

inyceltal limn ( ^ saprophytic pharo) on ctdture media at 22” C. andift 
^e soil, but in the yeast form (the parasitic phase) on media at 37” C. and 
in the animal body; e.g. Blastomyces darnuiBtidit. 

Fungi are aerdbac and all cultures are incubated aerolncally. Ciifatm 
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tubes and botdes are best stoppered widi cotton-wool, and if sdtew- 
capped bottles are used, die cai» should be left loose. 


Sj^stematic damifleatioii 

The systematic classification of the fungi is made on different lines from the 
simple morphological classification given above. Four classes are distin- 
guished, mainly according to the nature of their sexual spores. (1) The 
Phyeomycetes form non-septate hyphae, asexual “sporangiospores” contained 
within a swollen spore case, or "sporanmum”, borne at the ends of aerial 
hyphae, and sexual spores of the “oospore” or “zygospore” varie^. (2) The 
Ascomycetes form septate hyphae, various kinds of asexual spotes including 
“conidia” which are abstricted successively from the ends of speaalised (often 
aerial) h^hae called “conidiophores”, and sexual “ascospor^” formed, 
usually eight together, within a sac or “ascus”. (3) The Basidio^cetes form 
septate hy]diae and sexual “basidiospores”, usually four in number, from the 
ends of club-shaped structures called “basidia”. (4) The Fungi mperfecH 
include the fungi that do not have a sexual stage and thus cannot be placed 
with certainty in one of the other three classes. Many imperfect fungi form 
septate hyphae and asexual conidia resembling those of Ascornycetes, and their 
closest affinities lie with this class. A majority of the pathogenic moulds, 
yeasts, yeast-like fungi and dimorphic fungi belong to the group Fungi 
mperfecti. 


Common Saprophytic Moulds 

Many species of non-pathogenic moulds occur in the soil and on 
decomposing organic matter. Aerial dissemination of their spores is 
widespread and they are commonly found contaminating exposed bac- 
teriological culture media, human foodstuffs and specimens tdten from 
the surfaces of the body. They also occur as secondary invaders, e.g. in 
the external ear or lui^^. Their presence in diagnostic adtures must not be 
taken as denoting an aetioU^cd relationship. Varieties commonly en- 
countered include RMzopus, Mucor (e.g. M. mucedo), Aspergdbss (e.g. A. 
niger) and PeniciUium (e.g. P. es^ansum). RMzopus and Mucor are 
phyeomycetes with non-septate hyphae, asmcual sporangiospores, and 
sexual zygospores which are formed by conjugation of two hyphae at 
their tips. Aspergillus and PemdRism spmes are eidier ascmnycetes or 
fungi impofecti, having septate hyphae, asexual conidia and in some 
cases sexual ascospores. Their colonies are commonly pigmented 
yellow, green or black. The conidial chains of AspetgiBus arise frenn 
finger-lite “sterigmata” which radiate vnffiout branchmg front the 
earpanded bulbous tip of the conidiophore. Hiose of PemeR!^ 
ariM brurfi-hke from sterigmata beme on the tips sevorai terming 
b^andbes of the conidiophore (Fig. 26). The impoctent antiWotic 
sdbstance penicillin is derived from PemdUium wOatmt and P- 
dkrys^emm. 
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THE DERMATOPHYTES OR RINGWORM FUNGI 

Tinea, or ringworm, is caused by three related genera of filamentous 
Fungi imperfecti, namely Mkrosporum, Trichophyton and Epidmno- 
phytoH. These are dermatophytic fungi, having the unusual ability of 
digesting and utilising keratin, and being specialised for parasitising Ae 
keratinous structures of Ae body, i.e. the horny outer layer of Ae nlrin, 
Ae hairs and Ae nails. They do not invade Ae underlying liv ing 
that form Ae keratin, or the deeper tissues and organs of Ae body. The 
skin lesions ^e varied and may include inflammation, scaling, hyper- 
keratosis, vesiculation, pustulation, maceration or ulceration; secondary 
suppurative infection wiA pyogenic bacteria may ensue. In ringworm 
of the body, Ae spreading edge of Ae lesion is commonly seen as a red 
inflammatory ring (e.g. 5-50 mm. diam.) studded wiA vesicles and 
pustules, wlulst Ae recovering central region is scaly and less reddened. 
Infected hairs become weakened and readily broken off, so Aat bald 
patches are produced; in some cases Aey show a characteristic green 
fluorescence under ultra-violet irraAation. Infected nails beonne 
deformed, discoloured, brittle and broken. 

In Aeir host Ae fungi occur in only two forms: (1) as a vtgetative 
mycelium which grows through Ae keratinous structures, and (2) as 
chains of arthrospores formed by Ae septation of hyphae into Aoit 
cylindrical or rounded segments which become widened u>d 
walled. The srArospotes are capable of infecting intact sMh on lAidi 
they are depouted, but Aey more readily infect s^ subjected to nunor 
injury by rubbing, scratdox^ or prolonged moistening. They germahate 
and give rbe to hyphae whidi ^ead as a mycehum through Ae whtde 
depA Ae homy layer and etdend radially into adjoinii^ areas of Adn. 
The mechanism wherdsy Ab superficial flingal g^wA cuises iiAbm^; 
mation (ff ddn b uiioeatmn;^Ae Uberatioh of teme products 

digested keratin or an allergic response to fungal ant^^oos may be re^MiRh 
sibb. In hab-iafedW species, Ae hyrAM grow do<!im 
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hair follicle &at th^ encounter as they spread thrcmgh the sldn; they 
pass over into die diaft of the hair and grow in the neu^ kmtinised 
zone just above die root bulb. After two to three weeks’ growth lu» 
carried the first infected part of the hair above the skin surface, this part 
has become so weakened that it breaks off leaving a short (2 mm.) stump. 
(This happens in most types of infection, but in infections with Tricho^ 
phyton violaceum and T. sulphureutn {T. tonsurans) the hairs break off at 
the mouth of the follicle, to give a “blade dot” appearance.) 

Hyphae in skin, nail or turn eventually give rise to arthrospores. In 
hair, the arthrospore formation may be “endothrix”, i.e. from hyphae 
within the hair shaft, or “ectothrix”, i.e. from hyphae that have grown 
out over the surface of the hair. In the latter case, the affected part of 
the hair comes to bear a thick white coat of spores several Ikyers deep. 
Some species form small arthrospores, of 2-3 ft diameter, (and others 
form large spores of 4-6 fi (Fig. 27). 



Mycelium 

(x750) 


Hair shaft 

(x250) 


SmoH ectothrix orthrosporct Urge endothrix arihrotporcs 
Fio, 27 - 

Fonns of xiogwonn fimgi seen in vivo in skin^ nail or heir* 

md Hypenenaittve Reaetioii8.r-*The blood d 
patieam «ddi aupofiidal dermatomycoses cannot be shown to ctmtain 
{^g^tmins, piedpidns or cornplonent-fixing antUwdiea. NeverdideM, 
pattent’s serum normal human senun may ooiXain fungistadc sub- 
Moreover, semm Und (ff immunity naedianism impests to be 
operative in produemg the eventual ^mahimmuB heding df die affected 
pmrti. M«iy pdients, eapedally thiw wMi todic^ytoB idfeedmts, 





SIMGWOltil infection 


devdi^ E wides{»«ad cutaaecnts hypersens^veaesE to the Ei«%n^ 
products o£ die funi^. In the course of the infectabn« seooadaiy 
g^iendtsed skin eruptions of sn allergic luture may occur, ue. Vderma* 
tophytids” or “trichophytids”, urhich are apparently due to IdhSd^horae 
spread of fungal fragments or antigens. The commonest immifestodoii 
is a series of vesides (pomphlox) on the fingers and hands, though mhesr 
parts of the akin are sometimes also affected. No fungus is found in 
these allergic lesions. Evidence of hypersensitiveness nacy hedichedhy 
injecting extracts of the organism, e.g. trichophyton; this dauaBy evokes 
an inflammatory reaction after 24-48 hr., like the tiffierculin reaction. 
The reactions are not species specific. 

%>ecies; Sources and Modes of Infectitm 

The various dermatophyte species differ in their adaptation to 
different regions of the body and to different animal hosts. Among 
species infecting man, some such as Trichophyton Tnmtagro^tes^ T. 
interdigitale and T. sidphureum (T. tonsurans) can attack most r^ions: 
e.g. the scalp and the hair of the head (tinea capitis), the skin and hair of 
the beard region (tinea barbae), the skin of the feet (tinea pedis), the ddn 
of the groin (tinea cruris), the skin of other parts of the body (tinea 
corporis) and the nails (tinea unguium). Other species are less versatile. 
T, rvhrvm, a common cause of chronic body, foot and nail ringworm, 
rarely affects the scalp. Epidermophyton floccosum, the commoner 
cause of tinea cruris, can infect other areas of skin, the feet and the nails, 
but does not infect the scalp. Microsponm species affect the scalp and 
sometimes other regions of skin, but not the nails. M. audoumi is tiie 
commonest cause of epidemic scalp ringworm in children; it does not 
attack adults and infection usually disappears spontaneously at pubtarty . 

The dermatophyte species are divided into those that are ^'antiird- 
pophilic”, i.e. prinuirily parasites of man and rarely of ammals, and those 
that are “zoophilic”, *.e. primarily parasites of certain animals and 
occasionally infecti^ man from toese. The anthropophilic species 
include M. audoumi, T. mterdigiUde, T. rubrum, T. su^mreum, T, vuh 
laceum, T. schoenkm and E. floccosum. Th^ tend to produce chrome 
lesions with slight tissue reaction, e.g. hyperkeratotic and 
inflammatory lesions, and sometimes wholly subclinical in£«:tk»». 
schoenleini and T. violaceum are exceptional in causii^ fa\m8. ' EaFus 
occurs most conunonly on the scalp. It arises from hair folii<dea as 
minute yeUow-red papules; these grow to form cup-shaped 
“scutula”, or crusts of mycelium, and ultimately destroy the invdved 
hairs. The zoophilic species include Af.cmm (cat and dog), 

(horse and soil), T. mentagrophytes (cat, dog, mouse, ox, horse, soil). 7. 
verrucostm (ox and horse), T. qumckefoum (mouse fsvus) and M. 
eqmmmsaviT.eqummQwtstt). V^en these fiinp infect num (as do tihe 
first fourVthey tend to cause an acute inflamnuniory lesion (kier8»i)whh 
vesiculatkm and perlu^ si^puration, easy to cure and <^ten hc^yGoog 
spontaneously. 

Ringworm due to m anthropophilic spedes iscontmtotedhy mairiiNMn 
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ano&er infected num, as in die ^ndemic ^read tinea caphiS’ dife fo 
M. audmuid and tinea pedis (*'alMete’e foot”) due to T. or 

T. ftibrum. Infectiom by zoophilio species are contraded from infected 
pets, farm animals or vermin, and rardy from infected humans. It is 
thus important to identify the species causing an infection if an indica- 
tion is required as to whedier the source should be sought among human 
or animal contacts. Infected cats mid dogs should be destroyed if it is 
considered necessary to eliminate them as a source of infection in a 
household, since diey cannot be effectively treated. 

The fungus is spread by contact and through the air in the form of 
ardirospores. These spores are shed from the affected parts, often in 
scales of skin, in fragments of hair or nail, and in finer debris. They are 
highly resistant to environmental conditions and may remajn alive for 
years in infected premises and survive on clothing thrdugh many 
successive launderings. They can be killed by brief boiling. \ Formalin 
may be used for disiidecting shoes, socks and other articles. Ine relative 
importance of the different mechanisms and vehicles of sprrad is un- 
known. \ 

M. gypseum has been found in soil and it is believed that it is capable 
of growing saprophytically in soil as well as of growing parasitically in 
the human or animal body. If this belief is correct, the soil may 
occasionally act as a source of infections for man and animals. 


Ringworm in Animals 

Ringworm in dogs and cats is usually caused by M. canit, but other fungi, 
e.g. M. gypseum, M. asidmam, T. mentagropkytes and T. qumckeamm, are 
sometimes respon»ble. Although cats frequently fail to show clinical symp- 
toms, bare patches with broken hairs may be seen on the head, face and paws. 
In dogs the lesions are more obvious, circular bare areas appearing on any part 
of the body. Ringworm in cattle is especially prevalent in young animals, the 
commonest pathogen being 7. verrucostan. The lesions vary from small 
circumscribed hairless areas to extensive white or yellowish-brown crusts on 
the head, neck or other parts of the body. Ringworm in the horse may be 
caused by species of Microsponm and Trichophyton, the commonest being M. 
eqmnum, M. gypseum, T. menU^ophytes and T. equsmsm. T 3 rpical lesions are 
circumscribe bare patches or plaques covered by a soft crust which is easily 
removed. Ringworm in sheep and goats is rare, but pigs are suscqitible to 
infection with T. menU^ophytes. In favus of poultry, the lesions are mostly 
confined to the comb and wattles as dirty white crusts of fungus tissue. In 
more generalised infections the base of the. feathers and the skin nuy be 
iiivdived. The causal fungus T. gdUinae {Achorion goJUneui) is transmisuble to 
man. 


I^dwrntcwy Diaipiosfe of Ringworm 

Tl» iffesence of fiingus is demonsteated by direct microscopie ^' 
antiiiafioBofaspeciinaioftheinfet^dkinyliairornail. IdentincBtiM 
of the genus and spectes requires isolatioii of ^e oi^;anism in stlifieBil 
cnltnre. 

CkiReotion of SfNB^spMaiiSv---Tbe spedinim fi»»t be taken oare. 



DIAGNOSIS OF RINGWOHM 

A pFdynainaiy desosii^ of the lesion widi 70 per cent sleohd wHiam 
bsct^isl contamination. Scales of diin (tj*. Z*3 tpryi. diametm’)' am 
scraped with a blunt 8ca4>ei from the active perifdiery of the 
area, avoiding white macerated material in flexures. The dimies of 
ve^cles are anij^d off for examination. The scales may be.stoi^ In 
small pacb^es or envelopes made dean folded paper, and bacterial 
contaminants are partly eliminated after a few weeks of sudi storage; 
fiingus spores remain viable. In the case of infected nails, the affected 
parts are clipped off for examination aiul scrapii^ are also tfcken Atom 
the deeper parts with a blunt scalpel. 

Infected hairs must be chosen carefully. It is useless to take healtlQ! 
hairs from the infected regions of skin. The stamps of broken hairs 
should be plucked with fine forceps, or else lustreless hairs may be taken. 
IntrafoUicular fragments of hairs broken at the follicle moul^ may be 
extracted with a cutting needle. If the infecting fungus is M. audomm, 
M. cams or T. schoenUini, the infected hairs may be recognised by their 
fluorescence under ultra-violet irradiation. The head is viewed in a 
darkened room under filtered ultra-violet radiation from a Wood’s lamp. 
(A suitable lamp is a 125 watts ultra-violet black glass lamp. Type 
MBW/V, General Electric Co., with a choke for A.C. 230 volts. Type 
Z 1832H, and a 10 mfd condenser Type Z 1850. By filtration though 
sodium-barium-silicate glass containing nickel oxide it yields only rays 
outside the visible spectrum with fungi not causing fluorescence.) 
Spedmens for dispatch to the laboratory are best sent in packages of 
clean folded paper. 

Micro8c<^ic Examination of Skin, Nail and Hair. — ^The iqped- 
men must be “cleared”, i.e. rendered transparent, to allow observation 
of the fungi within it. This is done by hydrolysii^ and partly dissolving 
the keratin with alkali. The fragments of skin, hair or nail are placed in 
a drop of 10-30 per cent, potassium or sodium hydroxide solution on a 
glass slide, and a coversUp is applied. The preparation is left fcx a 
while at room temperature, or is warmed very gently to hasten digestion. 
Thin scales of skin may be cleared within several minutes at room tem- 
perature, whilst a piece of nail may require up to three hours at 37“ C., 
the solution being replenished as necessary. Thidc pieces of nail may be 
incubated with the alkali in a small tube. Excessive digestion must be 
avoided. When ready, the coverslip is squeezed down gentiy under* 
blotting-paper to give a thin film without disruption of the j^tedmen. 
The ^lecimen is ^en examined microscopically in the unstained con- 
dition using a 4 mm. objective. It is convenient first to examine the 
specimen widely with a low power (16 mm.) objective and tihen to staktdh 
suspidous areas with the high power (4 mm.) one. Mycelium, chahatff 
artlnospores and free arthro^res may be seen and ^dr reot^aflaon 
permits a di^osis of fungus mfection. Artefacts may be nastahak iof 
hingd dements by inespmenced obsovers; off mr fat idr 

bubbles and spaces between efutiielial cdls. 111118 , cholesterol crystals 
having the appearance of duans of spwes, so-cdled “mosaic 
are o^ seen between the epithelial cells of don spedmois. iWe 
aitifactscan recoj^^ frdhire tostain 
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Staining is usiu^ unnecessary in routine ilaigno^ woric, but it 
iduMild be earned out if there is dcnibt as to the natore any fungus^Iike 
elements in die spedm«i. The alkali is replaced by lactop^^ Uue 
stain; a drop of stain k placed at one edge of the coverdip and tike 
alkali is vrithdrawn at the othor side by ap{dication blotting-paper^ 
the process being continued imtil the lactof^enol blue has entirely 
replaced the colourk^ alkali. The slide is vrarmed gendy and means 
stain is ronaoved by pressing lighdy under blotting-paper. 

With specunens of hair, the size and arrangement of the arthrospores 
affords some indicadon of the variety of fungus. Thus, Microsportm 
species and T. mentagrophytes give small-spor^ ectothrix infections, T> 
vemaaum large-spored ectodnix infections, and T, sulpkuretm and T. 
violacettm laige-spored endothrix infections. In favus due tA T. schoen- 
Uim the infection is endothria and it is further distinguisned by the 
presaice of air bubbles in the hair. ^ \ 

Culture. — In artificial culture the dermatophyte fungi produce a 
variety of spore-forms additional to the arthrospores .foutm in vivo. 
These include small unicellular “microconidia” and large miuticellidar 
“macroconidia” (Fig. 28). The genera are distinguished According 
to the morphology of their macroconidia, and the species according to 
other microscopic features and the naked-eye morphology of their 
colonies. 

Primary culture. Skin, hair and nail specimens are likely to bear con- 
taminating bacteria; these may be reduced by storage in paper envelopes 
for one or more we^, or by immersion in 70 per cent, ethyl alcohol for 
2-3 min. Since the dermatophytes are aerobic, surface cultures are 
grown on agar slopes in tubes or vials stoppered with cotton-wool. 
Fungal growth is favoured by a high sugar concentration and is relatively 
tolerant of aridity. Sugar-containing media of low pH are therefore 
selective for fungi and restrain the growth of most bacterial contam- 
immts. Sabouraud’s glucose peptone agar at pH 54 or malt extract agar 
stt pH 54 are recommended. The malt agar may be made more selective 
for fungi by addition of 0*036 per cent, potassium tellurite, and Sabou- 
raud’s medium may be supplemented with 10 mg. thiamine per 1. to 
promote spore formation in T. verrucosum, T. violaceum and T. schoen- 
lem. 

The fn^iments of skin, hair or nail are planted with a firm straight- 
pointed wire. Ni^el-chrome wire SWG 18 is suitable for this and 
other maniptdations of fungi. After sterilisation by flaming, wire 
must be given sufiSrient time to cool, or-be cooled by pressing into the 
sterile medium, before being used to transfa fungal material. At inter- 
vals of about 1 on., tiuree or four fragments are pressed into the surface 
of the so as to be partly submerged. The cultu^ should be 
at 28“ C- and they can usually be identified witiun 2 we^, 
but none should be discarded as negative until it has been it^batedfor 
in iteaat 3 werics. Ihcubaitiott at romn teanporature (20“ C.) is adopiate, 
but lete satisfactory thmi incubation id 28“ C. The cuHnres shooki he 
exanmied every three or four days for the appearance, of growth arcamd 
the et^ges the imphmted sperimen. The fui^ ooteny apreadaoat- 
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wards over the medium and usually extends beyond any etmtan^mding 
bacterial growriL Material should be talcen fir^ near tibe edge ef;^ 
colony and transplanted to a fresh sU^ in order to obtain a pnre 
culture; a single speck of materid is planted in dte middle of the slc^ 
to yield a giant colony suitable for observ^on d£ naked-eye morphology. 
Material from the primary culture may also be subcuMvated by Ridddt’a 
slide culture me&od to fadlitate observation its mioroso^nc mor- 
nholoyv. i ■; s' 

Nahed-eye examination of morpholep tf colonies. — ^The texture and 
colour of the colony are observed on both its upper and lower sides, and 
note should be taken of any diffusible pigment eniming the medium. 
Most species form large, spreading filamentous colonies and the rhizoid 
hyphal outgrowth may give the appearance of radial striation {e.g. in M. 
cams). The filamentous structure of the vegetative mycelium is usually 
soon obscured by a velvety, cottony or powdery covering of aerial 
mycelium and spores. T. verrucosum, T. vwlaceum and T. schoenlem are 
exceptionally slow growing and form compact bacteria-like colonies 
which are at first smooth and waxy, and later become corrugated and 
covered with a sparse velvety growth of aerial mycelium. In most 
species the colonies ultimately develop some degree of pigmentation, 
commonly cream-pink, buflF or yellow-green, though non-pigmented 
variant strains may be encountered. T. rubrum is distinguished by its 
formation of a red pigment (brown to rose-purple) which colours the 
underside of the colony and sometimes the aerial mycelium, and rarely 
diffuses into the medium. T. violaceum forms a deep violet pigment 
mainly confined to the colony. The colony of T. sulphureum c^m^ 
from white to sulphur yellow as the spores are formed, and its centre 
eventually becomes folded and crateriform. White variants of this 
species have been termed T. tonsurans. The colony of T. mentagropkytes 
becomes covered with buff-coloured spores and forms a brown-red pig- 
ment which diffuses for a short distance into the agar. Mierosponm 
colonies become covered with buff-coloured spores, whilst the underlying 
medium is tinted yellow-orange by M. cams and salmon-pink by M. 
audoubd. The colony of E. floccosum is green-brown and radudly 
furrowed. 

Microscopical Examination of Culture. — h. “needle-mount” is made as ^ 
soon as spore formation is sufficioitly advanced at dte centre eff the * 
colony, ^me sporing mycelium is removed on the point of an inocu- 
lating wire and transferred into a drop of lactophemol bltie stain cm 
a microscope slide. There it is teased out using two wires or dksect- 
ing needles. A coverslip is applied and excess stain removed afrer smhe 
minutes by pressing down gently under blotting-paptt. The needle- 
mount b then examined microscopically, firat with the low-power dbjeo- 
tive and then widi the 4 mm. dry objective. . 

An alternative method of preparing a needIe>naount avoids the tr^- 
pii^ of bubbles of air in fihe specimen. The fragment of ctdonbl 
materuil b transferred to, and tea^ out in a dnq) of 95 per cent, 
alcohol on a ^e and, just before the alcohol has evaporat^ coa^^ibdlyj 
a drop of bctof^enol blue b added and a coveraiip apfdied. . 
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A searidi is first made for tfie prmence of nuurotmidia, Tlwse tue 
lai^ ^<mgated bodies nvfaidi are formed at tibe tips of certidn Ir^pbae 
aod, when mature, are divitted by visible transverse septa into several 
{tig. 2-10) segmoats fx cells. Those of Microsponm are lar|^t, 
4O-lS0/Ltx 8-15/tt, and fusiform with pointed ends. Those of Tneho- 
phytm are smallest, 10-50|ii x and generally cylindrical, though 
sometimes curved, with a rounded free end. Those of Epidemophyton 
are 30-40/i x 10/i, and pear-shaped with the narrow end attached to the 
conidiophore (Fig. 28). Unfortunately, macroconidia are rare or absent 
in Sabouraud agar cultures of certain species, e.g. M. audouim and most 
Trichophyton species. 



Macroconidio of Trichophyton of Epidcrmophyton 

of Microsporum 



Roc<tuct myccHum Spiral Nodular organ 

iiypha 


FlO. 28 

Types of spores and abnonnal mycelial forms found in artifiidal 
cultures of ringworm fungi. ( x 600.) 

The smaller mkrocomdlu are usually numerous^ though they fpre 
m jdbsent in T. esmiroftun, T. mohceum^ ST- jrlkhm&mi and 
Miorocom^ arc single eelb of diam*i spherkal» pear-shaped 
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or elongated, and borne singly from tbe sides of the h 3 rphae or in 
grape-like clusters on short stalks. Several species usually show a 
number of chlamydospores (e.g. T. sulphureum, T. verrucosum, T. vkia- 
ceum, T. schoenleini and E. floccosum); these are large, roughly spherical 
cells with very thick walls and are borne singly in the length of the 
vegetative hypha, bulging to one side, or at its end. 

Slide Culture by RiddeWs Method. — ^The fungus may be subcultivated 
on an agar block held between a slide and coverslip. This enables the 
arrangement of mycelium and spores to be observed undisturbed at 
various stages diuing the course of growth. Fill a Petri <hsh to the depth 
of about 2 mm. with Sabouraud’s medium (10 ml. ^ar per 9 cm. dish). 
When set, cut the agar into square blocks, 1 cm. x 1 cm., writh a sterile 
blade. The dishful of blocks may be stored at 4° C. until required. 
Place an agar square on a sterile slide, inoculate a “needle-tip” of culture 
into the mid-point of each of its four edges and apply a sterile } in. 
coverslip to its upper surface. Place the preparation in an open rack 
within a large sealed jar containing some water with 20 per cent, of 
glycerol at the bottom (or several layers of blotting-paper soaked with 
20 per cent, glycerol). The culture is thus well aerated in an atmosphere 
that is kept humid to prevent drying. Incubate at room temperature 
or at 28° C. Each day or two, remove the slide culture from the jar and, 
without disturbing the coverslip, examine it microscopically with dry 
objectives. 

A stained preparation is made when the growth is sufficient, e.g. 1-3 
mm. wide, and adequate sporing has occurred. Remove the coverslip 
and discard the agar block without unduly disturbing the rings of growth 
which adhere to the slide and coverslip. Apply a drop of 95 per cent, 
ethyl alcohol to the growth on the slide (or coverslip); just before this 
dries, add a drop of lactophenol blue stain and gently apply a coverslip 
(or slide). After standing overnight, blot the excess stain from the 
edges of the coverslip and seal the preparation with cellulose lacquer. 


OTHER FILAMENTOUS FUNGI CAUSING SUFERnCIAL 
INFECTIONS 

Various other microbes cause superficial infections of man, invading the 
hair or the homy layer of the skin, though not necessarily digesting ffie keratin. 
They indude the ffiamentous fungi causing otomycosis and piedra {Pkdrahi 
hortai and Trichosporon beigeli), the yeast-like organisms Candida tdbicani and 
Malassexia furfur (p. 523), the yeast Pitryrosporum ovale (p. 517), and the 
bacteria Nocardia tmnuiissma (causing erythrasma) and Nocardia tenuis 
(causing, trichinocardiosis axillaris). 

Aspergillua Species Causing Otomyeoris 

Fungal otomycosis is a subacute or chronic infection of the akin of the 
external auditory meatus and is commonly assodated with bacterial isledtioiL 
dspergiUus n^er and A. flams are the fiingi most jhequentiy fHOsoat, but 
species of PetSdlUum, Mucor and RMseparoccor in somecasea. < Fewitii^ltijHds, 

2k . 
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the mycelium or conidiophore heads must be demonstrated in films of 
exudate mounted in 10-20 per cent, sodium hydroxide. The species may be 
identified by culture on Sabouraud*s medium. 


FILAMENTOUS FUNGI CAUSING DEEP INFECnONS 
Broncho-pulmonary infections 

Various normally saprophytic species of Aspergillus^ Penidllium^ 
Mucor and Rhizopus are found in infections of the bronchi and lungs in 
man and animals, Aspergillus fumigatus is the most important of these. 
Birds, e.g. penguins, are especially susceptible to a primary and 
frequently fatal pulmonary aspergillosis. The infection may pe acute, as 
in the commonly fatal Brooder pneumonia of chicks, or chronic, with the 
formation of yellow caseous nodules in the lungs. 1 

In man, the fungal infection appears usually to supervene on a pre- 
existing pulmonary disease such as bronchiectasis, tuberculosis or 
pneumonia. It occurs most frequently in agricultural workers and other 
persons who commonly inhale dusts of organic materials heavily con- 
taminated with fungus spores. The fungus may grow in the damaged 
bronchus or lung tissue so that it forms a compact mass of mycelium 
called a mycetoma. In some cases broncho-pulmonary infection with 
A. fumigatus causes an asthmatic disease with plugging of bronchi by 
exudate containing mucus, fibrin and eosinophils, j^ely, A. fumigatus 
produces a severe pulmonary infection that is apparently primary. 
Laboratory diagnosis. — Diagnosis depends on microscopical and 
cultural demonstration of the presence of abundant fungal elements in 
repeated specimens of sputum. The fungi are common contaminants in 
the home, hospital and laboratory, so that the occasional finding of a few 
fungal elements in sputum is of no diagnostic value. Since contamina- 
ting spores may germinate and the fungi overgrow other organisms, the 
examination of postal specimens or specimens stored at room tempera- 
ture is usually worthless. Storage, if unavoidable, should be at c. 4® C. 

The sputum should be examined microscopically not only in Gram- 
stained smears but also in unstained wet films. If no fungi are seen in 
these the sputum should be liquefied either by heating at 100° C, for 5 
min. after the addition of two volumes of 4 per cent, sodium hydroxide 
or by digestion with pancreatin; it should then be centrifuged and a wet 
film of the deposit should be examinedr 
Cultures of sputum should be made on two plates of Sabouraud’s 
glucose agar and two plates of blood agar containing 30 units of penicillin 
and 30 fig of streptomycin per ml. One plate of each kind should be 
incubated at 37° C., the other at room temperature or 28° C. Tubes of 
Sabouraud’s broth should also be inoculated if material on dry swabs 
has to be examined; after 3 or 4 days the broth cultures are subcultured 
on plates. 

A. fumigatus generally forms smoky-green colonies, but cultures from 
^utum or resected mycetoma sometimes yield white, very poorly 
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sporit^ colonies. For detailed information enabling the idendficadon 
A. fumigatus and other Aspergillus species the reader should consult 
Thom and Raper (1945). 

Precipitating antibodies to an antigenic extract of A.fumigatm may be 
demonstrated in the serum of patients by an agar-gel double Hiffiiainn 
test A positive result confirms the significance of the finding of the 
fungus in the patient’s sputum. 

Fanner’s lung. This disease is the result of a hyp^rsensidvi^ 
reaction in the lungs to antigens in dust from mouldy hay. It occurs in 
persons who are exposed to inhalation of such dust and adio, on repeated 
exposure, develop increasing hypersensitivity. Ultimatdy a very limited 
exposure may cause severe pulmonary symptoms. 

The hay that is liable to cause farmer’s lung is hay that has become 
heated spontaneously to at least 50° C. during maturation and contains 
more thermophilic moulds and actinomycetes, and their spores, than 
good hay. Pepys et al. (1963) have shown that pure cultures of the 
dxermophilic actinomycetes Thermopolyspora polys^a and Micromono^ 
spora vulgaris grown in sterilised hay produce antigens that react in agar- 
gel diffusion tests and inununoelectrophoresis tests with the majority (90 
per cent.) of sera from patients with fanner’s lung. Cultures of other 
actinomycetes, of fungi such as A. fumigatus and Jltucor pusiUus, and 
of bacteria found in hay did not produce these Farmer’s lung hay 
antigens. When patients with a history of farmer’s lung inhaled an 
aerosol containing an extract of T. polyspora culture they developed 
within 5-7 hr. systemic and pulmonary symptoms resembling those of 
attacks of farmer’s lung. 

It has been proposed that farmer’s lung may be diagnosed by agar-gel 
precipitation tests made with the patient’s senun and an antigenic 
extract of T. polyspora, but a minority of false-positive and false- 
negative results may be given by these tests. 

Maduromycosis 

Mycetoma or Madura foot in man can be produced not only by 
actinomycetes such as Nocardia madurae, Noc. pelletieri and Strepto- 
myces somaliensis, but also by a variety of fungi including Madurdla. 
mycetond, M. grisei, Allescheria boydii {Monosporum apiospenmtm)^ ' 
Phialophora jeansebnei and Cephalosporium fakiforme. These fungi are 
thought to occur as saprophytes in the soil and on vegetable matter, and 
to enter the tissues of the foot through thorn pridm and other minor 
injuries. For diagnosis, some pus is obtained from a sinus or as{»rated 
from an unopened abscess. It is spread thinly in a sterile Petri d^ uid 
searched for the presence of granules about 0'5-2*0 mm. in diamrm»r. 
Granules are mounted on a slide in a drop of 10 per cent, sodium 
by^oxide, gently crushed under a coversUp and examined withmit 
staining. In addition, granules are crushed betwem two sUdes mui tiuit 
slide preparations fixed by flaming and stained, one by Gram’s mt^bnsd 
snd the other by the modified 2^ehl-Neel8en metiio^ as in tiae 
nosis < 3 i actinomycosn. The fimgal granula ccmsim ol a msute of 
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hyphae 2-5^ vide and thus are readily distinguishable froon the 1 fx 
hyphae of actinomycetes. Chlamydospores may be present and the 
peripheral hyphae may bear “clubs” similar to ^ose in actinomycotic 
granules. Cultures are grown on Sabouraud’s glucose agar for at least 
three weeks at room temperature or at 22° C. ; granules washed in sterile 
saline are inoculated on a number of slopes. Monosporitm apiospermum 
grows rapidly as a white cottony colony in which ovoid conidia, about 
6x9 n, are borne singly at the ends of conidiophores. Madwdla 
colonies grow slowly and are dark grey or black in colour. 

Chromoblastomycosis in man is a chronic verrucous and granulomatous 
infection of the skin and subcutaneous tissue which extends slowly along the 
lymphatics. It occurs in North and South America, Russia, South Africa and 
Japan, and is caused by the filamentous fiingi Hormodendnmlpedrosm, H. 
compactum and Phudophora verrucosa. These live saprophyticiffly on wood 
and vegetation and are commonly introduced through the slun oi the legs by 
an injury with wood. Pus or crusts from the warty lesions are exiamined in a 
wet film with 10 per cent, sodium hydroxide. The fungi appear w spherical, 
dark brown thick-walled cells, about 5-10 /x in diameter, occuring in small 
dusters and characteristically dividing by septation. Cultures are\ grown on 
Sabouraud’s glucose agar for at least three weeks at 22° C. Brown-black or 
green-black mycelial colonies slowly develop. They contain hyphae 2-3 
wide and characteristic conidiophores on aerial hyphae. The conidia are oval 
single cells, 1*5-3 fi x 3-6 (x, but more nearly spherical in H. compactum. P. 
verrucosa forms the conidia at the cup-like ends of flask-shaped conidiophores. 
Hormodendrum spedes produce these and also two other kinds of conidio- 
phores, one forming the conidia in branching chains from its end and the other 
bearing the conidia around its sides. 

Mucormycosis. — Disease of animals, and rarely man, may be caused by 
certain spedes of Mucor, Absidia and Rhizopus, the lesions being either granu- 
lomatous or ulcerative. 


PATHOGENIC YEASTS 
Cryptococcus neoformans (Torula histol3rtica) 

C. neoformans is a true yeast which reproduces by budding and does 
not give rise to a mycelium or pseudomycelium. It occurs as spherical 
cells, 5-20 fx in diameter, Gram-positive and surrounded by a very wide, 
gelatinous capsule, which is visible in India ink preparations. It pro- 
duces sporadic, commonly fatal infections (oyptococcosis or torulosis) 
in man, dog, cat, horse, ox and pig. The ii^ections are subacute or 
chronic, and most commonly affect the menii^;es and brain, though 
sometimes the limgs or skin. In cattle, outbreaks of ayptococ^ 
mastitis and metritis occur. 

Infection is not transmitted from man to man. Its source is unknown, 
but ihe infection may be endogenotu, from animals and birds, or from 
tiie soil. C. neoformans is commonly present in the droppii^ of birds. 
Cryptococcus strains have also been fotmd on the akin and in the gut of 
hciaitlQr persons; these wore culturally identical witii C. neeformms but 
sandlilenpatiM^ienic for experim^tid animals (mice). The yeast with- 
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stands drying in s6il and dust, and it is thought usually to eater the body 
by inhalation, but maybe sometimes through the skin or i ntestine 

Laboratoiy Diagnosis. — ^The specimens taken for examiastioa may 
indude cerebrospinal fluid (or its centrifuged deposit), sputum, or pus 
from acneform skin lesions. These are observed microscopicdly, vvifli 
condenser defocused, in an unstained wet film under a coverslip and in 
a second wet film mixed with an equal voltune of India ink. The 
presence of budding, thick-walled, nearly spherical cdls wifli cap- 
sules is diagnostic. The yeasts and their capsules stain strongly in tissue 
sections treated by the periodic acid Schiff method. 

Cultures are made on Sabouraud’s glucose agar at 37® C. and at 22® C., 
and on blood agar at 37® C., incubating for at least two weeks. Sputum 
and exudate contaminated with bacteria ^ould be cultivated on the 
tellurite malt agar that is selective for the yeasts. Cultures are cream 
to light brown in colour, and become mucoid rapidly at 37® C. and 
slowly at 22® C. Before becoming mucoid, the colonies may be similar 
to those of Staph. aUm. Films of the cultures show the capsulated yeast 
cells and no mycelium. 

The pathogenici^ of a strain can be demonstrated by injecting mice 
intraperitoneally with 0*5 ml. of a saline suspension of an iMected 
exudate or a 1 per cent, (v/v) suspension of a pure culture. The mouse 
dies within three to four weeks with gelatinous masses of yeast in the 
abdomen and brain. 


Fityrosporum ovale 

P. oveUe, or the “bottle bacillus”, is a small Gram-positive yeast. It is a 
common commensal of normal skin and occurs on dandruff scales, bong 
regarded by some authors as causative of dandruff and seborrhoeic damatitis, 
though there is little evidence to support this belief. It is ovoid or fladt- 
shaped, l-2|[t x 2-4/i, and reproduces by a process intermediate between 
budding and fission; the bud is separated from the parent cell by a septum 
formed across its relatively large base. The organism can be grown on nutrient 
agar smeared with butter fat which supplies oleic add. 


PATHOGENIC TEAST-LIKE FUNGI 
CandUlda albicans (Monilia albicans, M. psilosb) 

Candida or ganisms grow partly as spherical or oval yeast cdls (blasto- 
spores) 2*5-4*0 /x in diameter, which reproduce by budding, ^ i»i]fly 
as a pseudomycelium of non-branching filamentous cells which divide 
by constriction and give rise to yeast cells by budding from flune 
division sites (Fig. 29). Both forms are thin walled, Gnttn-pttehi've and 
non-capsulate. Some of the yeast cells enlarge, form thkx wafls void 
become resting n hlam ydospores 7—17 ft in diameter. Asoc^xaes see 
never formed. An abundance of eanly assimilable nutrients ai^ 
sufficient aoation moourages growth in the yeast form, whereas ni^- 
tionally poor media (e.g. com meal r^;ar) and pooily aerated coloditiaiis 
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in cultures below tbe surface of agar or liquid media favour myftelial 
growth and chlamydospore formation. Condition in the body generally 
give both yeast and mycelial growth. 

Occurrence and pathogenicity. — C. albicans is the only important 
pathogenic species in the genus Candida. It is a common cause of acute 
and subacute infections (candidiasis, or moniliasis) in man, animals and 
birds. Other species of Candida include C. tropicaUs {MomUa Candida), 
C. pseudotropicalis (M. mortifera), C. krusei, C. pareJirusei (Af. paraj^ 
sihsis), C. stellatoidea and C. guilKermondv, these, like C. albicans, occur 
as commensals in the human and animal body, but they only rarely cause 
disease. C. tropicalis, however, has been found, apparently as the causal 
pathogen, in oral and vaginal thrush and, more rarely, in broncho- 
pulmonary infections, osteomyelitis, pyelonephritis and septicaemia. 



Condido qlbicans : hyphoc forming a ptcudomycclium 
ond giving rise to budding ycost-like cells 

(biostospores) (x 1CX)0} ' 

Fig. 29 

C. albicans is pathogenic when injected intravenously in rabbits, 
guinea-pigs and mice. The other species of Candida are generally 
entirely non-pathogenic in laboratory animals. C. tropicalis, however, 
when injected in fairly large doses, is pathogenic in mice, though not in 
rabbits. 

In man, C. albicans produces superficial infections of the skin 
(cutaneous candidiasis) and mucous membranes (oral and vaginal 
thrush); it also causes broncho-pulmonary infections, secondary intes- 
tinal iriections and, though much less frequently, septicaemia and deep, 
blood-bome infections, e.g. meningitis, endocarditis and pyelonephritis. 
Infection is generally dependent on a weakening of the body defence 
mechanisms, e.g. by diabetes, leukaemiariron-deficien^ anaemia, neo- 
natal debility, senility, alcoholism, drug addiction, antibiotic therapy and 
cortisone therapy. Infection of the skin is promoted by prolonged 
exposure to moisture and the lesions, characterised by er3^ema, emda- 
tion and desquamation, are generally localised in damp folds (inter- 
triginous candidiasis), e.g. in the axillae, groin, infra-mammary areas, 
interdigitd cl^, umbilicus and gluteal folds, and, in infants, in die 
napkin area; cutaneous candidiasis is also frequent in persons wh^ 
oocupaticMm involve frequent immersion in water. Infection may io' 
volve dto naUs and lead to chronic paronydiia and oonychia. 
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Oral thrush is especially comxnon in infants; creamy white patches of 
exudate form on a red, raw, inflamed mucous membrane in ^e mouth 
and throat, and on the toi^e. In adults, denture sore mouth and 
angular cheilitis may be caused by infection with Candida. 

Vaginal thrush (Candida vulvovaginitis) occurs commonly in preg- 
nancy, remitting af^ter parturition, and in diabetes. Vaginal discharges 
due to infection with Candida generally contain little or no pus, 
and are relatively acid (pH 4'3-5'2), whereas discharges that are puru- 
lent and less acid (pH 5-2-64) are usually due to infection with Tricho- 
monas vaginalis or pyogenic bacteria, e.g. gonococcus, Strept. pyi^enes, 
Staph, aureus and coliform bacilli (Boycott, 1961). 

Bronchial and pulmonary candidiasis may occur, with the production of 
mucoid, gelatinous sputum containing numerous Candida organisms. It 
must be noted, however, that C. albicans is commonly present in the 
upper respiratory tract as a commensal, and in the lower tract as a 
secondary invader, e.g. in pulmonary tuberculosis, bronchial carcinoma 
and bronchiectasis, so that the finding of Candida in a patient’s sputum 
does not necessarily indicate that it is the cause of the illness. 

Broncho-pulmonary, oral, vaginal, intestinal and septicaemic can- 
didiasis often follow the treatment of other infections (e.g. chronic 
bronchitis) with broad-spectrum antibiotics. The action of the anti- 
biotic in eliminating the normal commensal bacteria from the mucous 
membrane is probably responsible, at least in part, for the facilitation of 
infection with Candida. 

Avian moniliasis is an infection of the upper alimentary canal of chickens, 
turkeys and pigeons, the lesions being mostly confined to the crop and pro- 
ventriculus. Although usually of sporadic occurrence, epidemics of “thrush” 
with an average mortality of over 60 per cent, have occurred, the species 
responsible being Candida albicans and C. krusei. MonDiasis has occurred in 
pigs, probably as a result of feeding antibiotic-supplemented food, whilst in 
cattle thrush-like lesions have been observed in the rumen and intestinal 
mucosa. 

Source of Infection. — C. albicans is a common commensal of man 
and animals, occurring in the mouth, nose, throat, intestine, vagina and 
skin; it occurs in the mouth and in the faeces of 20-30 per cent, of 
healthy persons. Infection is thus usually endogenous, but occasion^y 
it is exogenous and contagious. Infants, for instance, may be infected 
from their mothers or from other infants during an epidemic in a mater- 
nity hospital. Artificially fed babies are more often affected than breast 
fed babies. Unless aseptic precautions are taken, infection may be 
spread among pregnant women by the obstetrician’s gloved hand. C. 
albicans is found on the bedding of patients and in the air, and it may be 
spread by contact or by air-borne infected dust. 

C. tro^alis, C. pseudotropicaUs, C. hrmei, C. parakn^ C. stelk- 
toidea and C. ^Uermondi have ail been isolated from the human nose, 
throat, alimentary tract, vagina and skin, where they appear to be com- 
mensal. C. stellatoidea occurs frequently in the vagina and ured^ 
These species probably also occur in many non-human sources, e.g. bit 
vegetation. 
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Laboratoxy Diagaods 

Since C. albicans commonly occurs as a commensal in the same 
situations as it causes infection, the mere demonstration of its presence is 
not proof of infection. This ^agnosis requires demonstration that the 
organism is abundantly present on several occasions, and also the exclu- 
sion of other possible causative agents. Specimens must be examined 
with minimum delay to avoid multiplication of originally scanty, 
contaminating yeasts. 

Sputum and exudate, e.g. mucous patches from mouth or vagina, 
should be examined microscopically in Gram-stained smears and in un- 
stained wet films. Skin and nail scrapings are examined in a wet film 
with 10-20 per cent, sodium hydroxide. Budding yeast cells mixed with 
long filaments are indicative of a yeast-like fungus. The ceils and fila- 
ments stain Gram-positively and they are clearly much larger (e.g. 2-4 
fold in diameter) than the commensal bacteria that are geijerally also 
present in the specimens. I 

For culture, exudate may be collected on dry swabs or, preferably, 
swabs soaked in Sabouraud broth. The cultures are grown on plates of 
blood agar at 37“ C. and on Sabouraud’s glucose agar at 37“ C. and at 
22° C. Specimens of faeces or sputum should be cultivated on the 
selective tellurite malt agar or penicillin-streptomycin blood agar 
to control the growth of bacterial contaminants. In two to three 
days, large creamy bacteria-like colonies develop on the Sabou- 
raud’s medium and smaller grey colonies on blood agar. Thq culture, 
which has a characteristic odour, is examined in an unstained Wet film, 
or a Gram film, for budding yeast forms. A pure culture is isolated by 
picking a colony from one of the primary plates or, if necessary to ensure 
purity, from a secondary plating, and grown on a slope of Sabouraud’s 
glucose agar for 48 hr. at 37“ C. The pure culture is then identified by 
the following examinations, which distinguish C. albicans from the other 
Candida species (see table). For further information on the identification 
of Candida spp., see Benham (1957). 

Eawmination of pure culture for idendfication of species. — (1) 
The naked-eye appearances of the 48-hr. Sabouraud slope culture are 
noted. Growths of C. albicans and most other Candida organisms are 
raised, white, moist and creamy, that of C. krusei is flat and dry. 

(2) A portion of the culture is examined in a wet film with India ink to 
confirm the yeast-like morphology and absence of capsules that are 
characteristic of Candida spp. The cuhure should consist mainly of 
round or oval budding cells (blastospores) with an occasional, usually 
short filament. The blastospores of C. krusei are longer and narrower 
than those of the other species. 

(3) A subculture is grown in a tube of 10 ml. of Sabouraud’s glucose 
broth (pH 5*4) for 48 hr. at 37“ C. The culture is examimsd for the 
presence of a pellicle on its surface. Cultures of C. tropkaUs and C. 
hum form pellicles, but those of C. aUncam and other species do 
not. 

( 4 ) The pure culture or, preferably, its subculture in Sabouraud 



Differential characters of Candida species 
(modified from Martin et al., 1937, who give illustrations) 



None Medium sized, Good mycelium; no 

dull grey chlamydospores 
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broth is plated out on a blood agar plate (pH 74) and the plate incubated 
for 10 days at 37® C, The appearance of the colonies is noted; it is 
characteristic of the species (see p. 521), but experience is necessary if 
reliance is to be placed on this criterion. 

(5) The pure culture is subcultured twice or thrice on ordinary 
nutrient agar (no added glucose, pH 74) and material from the last of 
these glucose-free cultures is used to inoculate chlamydospore medium 
and sugar fermentation test media. 

(6) A test for the formation of chlamydospores and mycelium is made by 
growing a deep-streak culture of the organism for 2 days, or more, at 
18-22® C. in a plate of corn meal agar (Benham, 1931) or, preferably, 
zein agar (Reid, Jones and Carter, 1953), rice extract agar (Taschdjian, 
(1953) or rice starch and Tween agar (Taschdjian, 1957; Rosenthal and 
Furnari, 1959). Chlamydospores are produced more rapidly (within 
24 hr.) and profusely on zein agar and rice agars than on corn meal 
agar, A stiff wire bearing the inoculum is cut in strokes through 
the substance of the shallow layer of agar. As the cukure grows 
it is observed in situ under the low power (16 mm.) and I^igh power 
(4 mm.) objectives of the microscope, the whole plate being placed 
on the microscope stage. A filamentous pseudomycelium is formed 
by all species of Candida^ but is absent in cultures of Crypto- 
coccus^ Saccharomyces and other yeasts. C. albicans produces a well 
developed branching **tree-like*’ pseudomycelium which consists of 
hyphal cells, 2-3 ^ wide, separated by transverse septa and which 
develops large spherical thick-walled chlamydospores, 6-9 ^icrons in 
diameter, at the tips of most branches, and clusters of smaller, oval, 
thin- walled blastospores {c, 2*5 x 4 /x) at the junctions of the filamentous 
cells. Other species of Candida (except, occasionally, C. stellatoidea) do 
not form chlamydospores; the appearances of their pseudomycelia are 
given on p. 521. Candida organisms do not produce ascospores. 
Chlamydospore formation is considered to be the most important dis- 
tinguishing feature of C, albicans, 

(7) Fermentation tests are made in tubes of 10 ml. of nutrient broth 
(pH 7*2) to which a separately sterilised (20 per cent.) solution of sugar 
is added to give a final sugar concentration of 3 per cent. Bromothymol 
blue is used as indicator and Durham tubes are used to show the produc- 
tion of gas. The standard peptone water medium containing 1 per cent, 
of sugar is almost as satisfactory. The tubes are inoculated heavily from 
a culture onglucose-free nutrient agar and are incubated at 37® C. for 10 
days. Fermentation is usually apparent in 48 hr. 

C. albicans ferments glucose and maltose to give acid and gas> sucrose 
to acid only and fails to ferment lactose. Other species give different 
reactions, as shown on page 521. 

Widra (1957) has described a method in which the yeast is grown as a 
stab culture in phenol red agar base (Difeo) containing 3 per cent, of 
After inoculation, the medium is covered to a depth of 1-1 i cm. 
melted Vaspar (one part of yellow petroleum jelly mixed with one 
of paraffin wax) and the tubes are incubated at 37® C. for S days* 
lllppoduction of add is shown by change of the indicator from orange to 
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yellow along the line of the stab and the production of gas is shown 
by the collection of bubbles under the Vaspar. Readings are made at 1* 
3 and S days since the rate of fermentation is significant in some cases. 
Thus C. tropicalis ferments sucrose within 24 hr., but maltose only in 
3-5 days. 

(8) Pathogenicity is demonstrated by injecting a rabbit intravenously 
with 1 ml. of a 1 per cent, suspension of packed yeast cells in saline; the 
animal dies in four to five days and small abscesses are seen tibitoughout 
the cortex of its kidneys. Only C. attkans, of all the species of Candida, 
is pathogenic in the rabbit. 

Immimology.— Agglutinating antibodies are found in the blood of 
many patients. However, they are found also in normal persons, so that 
their demonstration is of little diagnostic value. The various species of 
Candida are closely related antigenically. By means of slide agglutina- 
tion tests with monospecific and absorbed antisera Tsuchiya et al (1961) 
have demonstrated the presence of several different kinds of thermo- 
labile and thermostable antigens in different species of Candida, some of 
which antigens are shared by most of the species. 

Chemotherapy. Candida organisms are highly resistant to the anti- 
biotics used for the treatment of bacterial infections and they are liable to 
proliferate excessively during therapy with a broad spectrum antibiotic 
that eliminates the commensal bacterial flora. They are, however, sus- 
ceptible to the antibiotic, nystatin, produced by Streptomyces noursei. 
This is the drug of choice for the treatment of candidiasis. Administra- 
tion is usually topical: tablets are taken by mouth for oral and intestinal 
infections, and ointment and powder is applied to skin lesions. Nystatin 
is poorly absorbed from the intestine, but there have been reports of 
systemic, urinary and pulmonary infections responding to oral treat- 
ment. 

For further information on Candida albicans the reader should consult 
the book by Winner and Hurley (1964), 

Malassezia furfur. — ^This is a yeast-like fungus which causes the super- 
ficial skin infection known as pityriasis versicolor, a chronic asymptomatic 
infection producing irregular brownish and desquamating macules. Diag- 
nosis is confirmed by microscopic examination of skin scales mounted in 10-20 
per cent, sodium hydroxide; the fungus is seen as clusters of round, budding 
thick-walled cells, 3-8 ix in diameter, together with short fragments of my- 
celium. 


DIMORPHIC FUNGI CAUSING DEEP INFECTIONS 
Sporotrichum schenkii 

This fungus is the cause of sporotrichosis in man, horses, cats, dogs, 
rats and other animals. The infection is chronic, giving firm noduJk^ in 
the subcutaneous tissue with subsequent inflammation and ulceration of 
overlying skin, and ^read along the drainit^ lymphatics. Blood*^ 
borne dissemination is rare, but when it occurs is often fatal. 
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Source of lafectton. — ^The fungus is primarily a sapiophyt6» that 
grows on dead plant material and wood. It can also infect living pltmts, 
e.g. being commcmly pres«it on the thorny plant, berberis, and is found 
in the soil and in dust on the «>ats of animals. Man and aninuds are 
infected from such contaminated materials through an injury to the skin, 
e.g. by an infected thorn or splinter of wood. Infection is most frequent 
in farm workers, gardeners and manual labourers. Men are sometimes 
infected by contact with infected animals, and occasionally by an animal 
bite or sting, but natural spread (torn man to man has not been recorded. 
The infection is remarkably susceptible to treatment with potassium 
iodide. 

Laboratory Diagnosis. — The fungus occurs in the yeast form 
(parasitic phase) when in animal tissues. However, it can Rarefy be seen 
in exudates and tissue sections from human ksions, so that direct micro- 
scopic examination of these is of no positive diagnostic vajue. 

In artiiiciai culture, the fungus grows in the yeast form n 37° C. and 
in the mycelial form (saprophytic phase) at 22° C. Pus swabbed from an 
ulcer or, preferably, aspirated from an unruptured absces^, is heavily 
inoculated on to blood agar and Sabouraud’s glucose agar. After 2-3 
days at 37° C. on blood agar, the colonies are moist, wrinkled and cream- 
coloured, and consist of Gram-positive budding yeast cells which are 
fusiform, cigar-like or oval in shape, and about 3-5 ^ in length. After 
3-5 days at 22° C. on Sabouraud’s medium, the colonies are small, white 
and waxy; later, they become wrinkled, membranous and pigmented 
cream, brown or black, but never develop a cottony aerial; mycelium. 
These colonies are composed of a mycelium (2-3 n diameter) bearing 
pear-shaped conidia (3-6 ft long) which radiate from the tips of hyphae 
as a cluster or project from their sides as a sheath. 

Animal inoculation may be attempted. A suspension of pus or culture 
is injected intraperitoneally into mice. The animals develop peritonitis 
and the fusiform and oval yeast cells may be demonstrated both extra- 
cellularly and intracellularly in macrophages. 


Blastomyces dermatitidis 

This dimorphic fungus is the cause of North American blastomycosis, 
a chronic suppurative and granulomatous infection of man. Cutaneous 
blastomycosis is usually a primary infection of the skin; there is papule 
and pustule formation followed by ulceration and a slow peripheral 
spread in the ridn, but no systemic dissemination. Systemic blastomy- 
cosis usually results from a primary infection of the limgs with sub- 
sequent blood-borne dissemination to the skin, subcutaneous ti8su(», 
bones, kidneys, brain and other organs. Natural infections ako occur in 
dogs and horses. 

Source of liifectkm.---This is unknown. The fungus has not been 
found as a saprophyte in the soil or elsewhere, and apparently does not 
spread from man to man or from animal to man. It presumabfy enters 
tte body by inoculation throu^ the skin or by inhalation into the lungs. 
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lahota^oxy Diagnosis.^ — ^Pus or tissue scrapings are exanoined 
microscopically in an u n stai ne d wet film; this may be motmted with 10 
per cent, sodium hydroxide if the specimen requirm to be rendered more 
transparent. When in tissues, the fungus occurs in the ycsMt form 
(parasitic phase) and is seen as thidc-walled spherical cells which are 
^15 ft in diameter, occur either free or wit^ phagocytes, and on 
budding bear only single buds. 

In artificial culture the fungus grows in the yeast form at 37* C. and 
in tiie mycelial form (saprophytic phase) at 22* C. Growth b slow, 
tddi^ one to three weeks at either temperature. On blood agm at 37° C. 
it forms wrinkled, creamy or waxy colonies consisting of budding yeast 
cells as seen in tissues. On Sabouraud’s glucose i^r at 22° C. the 
colonies are initially like those of the yeast form, but eventually become 
covered with a white cottony aerial mycelium which later turns brom. 
The 22° C. colony comprises a mycelium of broad, thick-walled and 
closely septate hyphae, later developing many round or oval conidia, 
3-5 ft in diameter, and eventually many smooth and thick-walled 
chlamydospores, 7-18 ft in diameter. 

If pus or culture is inoculated intraperitoneally in mice, the budding 
yeast forms are later seen in the peritoneal exudate. 

Paracoccidioides brasiliensis 

This dimorphic fungus caus» South American blastomycosb, a 
chronic granulomatous infection of the skin, mucosae, lymph nodes and 
internal organs. The source of infection is unknown. It occurs chiefly 
in manual workers in rural areas and does not spread from man to man. 

Pus or tissue examined in a wet film with sodium hydroxide shows 
thick-walled yeast cells, 10-60 ft in diameter; some of these bear sii^ 
buds, as in B. dermatiHdis, but others bear tmdtiple buds radiating fmn 
their surface. After several days on blood agar at 37° C. the fungus forms 
moist wrinkled creamy colonies of yeast cells. In two to three wedts on 
Sabouraud’s agar at ^° C. it forms white wrinkled cottony colonies 
which later turn brown; these consist of a septate mycelium beating a 
few round or oval conidia. Pus and yeast-form cultures are patiiogenic 
when inoculated intraperitoneally in mice; in five to six weete, nodules 
containing budding yeast cells are found in the mesentery. 

Histi^lasma capsulatum 

This dimorphic fungus is the cause of histoplasmotis, a granulo- 
matous disei^ which occurs in man either as a primary benign, usually 
asymptomatic infection of the lungs, or, rarely, as a progtmstve, usually 
fatal systemic infection involving &e reticulo-endothelial tissues; in tiie 
latter case the primary infection is oftNi extra-pulmonary, in tib 
skin, upper respiratory tract, mouth or intestine. The (&»»e a 
endemic in the jMflstissippi valley, but ^x)radic cases occur tiuoug^iout 
the world. Natural ixdections occur in cows, horses, Cits, 
rodents and other animals. 
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Source ot Infection. — ^The fungus is found in the soH endemic 
areas, but whether it grows in the soil as a saproph 3 rte or enters the soil 
from small infected animals, is uncertain. It has frequently found 
in the droppings of bats. Mection seems mainly to occur by inhalation 
of infected soil dust. It does not spread from man to man. 

Laboratory Diagnosis. — The fungus occurs as the yeast form when 
in the tissues. Characteristically it is an intracelMar parasite ofrettado- 
endothelial macrophages. Smears of sputum, blood, sternal bone 
marrow, l)nnph-node pulp and mucosal lesion scrapings are stained with 
Giemsa’s stain. Numerous capsulate oval yeast cells, 1-5 (i in diameter, 
are seen within the macrophages and a very few extracellularly (Fig. 30, 
left). 



Histoptosmo coptulotum : Icft^ycasHIkc cclli in 
macrophage; right, mycciium from culture bearing 
microconidia and a tubcrculatc chlamydosporc. (x 1000) 

Fia 30 

sputum, gastric washings and other clinical specimens are cultivated 
on blood agar at 37° C. (or glucose bl(k>d agar containing penicillin and 
streptomycin to control bacterial contaminants, p. 769) and ^abouraud’s 
glucose agar at 22° C. On blood agar at 37° C., the colonies are moist, 
wrinkled and creamy, and consist of budding yeast cells. On Sabour- 
raud’s medium at 22° C., they are slow growing, cottony in appearance 
due to development of an aerial mycelium, white at first and later turning 
brownish; they consist of septate mycelium bearing snudl lateral conidia 
(2-3 /* in diameter) and eventually form large round “tuberculate” 
chlamydospores, 7-15 in diameter; the latter are characterised by a 
covering of small rounded tubercles projecting from the outer surface of 
the thick spore wall and they are diagnostic of H. capsulation (Fig. 30, 
right). 

The fungus is pathogenic to laboratory animals. Mice injected intra- 
peritoneally with infected material or culture die after varying periods of 
time. 

Immune and Hypersensitive Reactions . — ^Within a few weeks of first 
becoming infected, the patients develop complement-fixing antibodies in 
their blood and become hypersensitive to H. capsuhOum antigens. 
Hypersensitivity is demonstrated by injecting intradermally 0*1 ml. of a 
1 in 100 dilution of a standardised preparation “histoplasmin” ; this gives 
rise in 24-48 hr. to an area of induration more than 0-5 cm. in dia- 
meter. The significance of a positive histoplasmin reaction is analogous 
to that of a positive tuberculin reaction, indicating present or past 

infection. Partial cross-reactions may be given with blastom]^ and 

coeddbides antigens, which should therefore be tested umultaneously 
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for quantitative comparison. Surveys have shown that histoplasmosis is 
not endemic in Britain. 


Coccidioides immitis 

This is another dimorphic fungus and is the cause of coccidioido- 
mycosis, a granulomatous disease afiFecting man either as a primary 
benign, often asjrmptomatic infection of the lungs or, occasionally, as a 
progressive and fatal infection that disseminates to lungs, slun, bones, 
meninges and other organs. Coccidioidomycosis is endemic in the arid 
south-west of the United States of America, and also occurs endemically 
or sporadically in various other parts of the world. Natural infections 
occur in rodents, dogs, cows and sheep in endemic areas. 

Source of Infection. — ^The fungus occurs in the soil in the endemic 
localities, perhaps being a soil saprophyte or perhaps being derived from 
infected animals. Infection probably occurs in most cases by infected 
soil dust being inhaled into the lungs or introduced through injured skin. 
It does not appear to spread from man to man or from animals to man. 
The arthrospores formed in artificial cultures readily become airborne and are 
highly infective, so that infection is liable to occur in laboratory workers 
unless special precautions are taken. 

Laboratory Diagnosis. — ^The fungus occurs in the tissues as non- 
budding, spherical thick-walled sporangia. These are 20-70 jn in 
diameter and contain numerous small spherical endospores (2-5 
diam.). The spores are liberated by rupture of the sporangium and sub- 
sequently themselves develop into sporangia (Fig. 3 1 , left). Sputum and 


oo 



CoccMIoldfS immrnt: left, mflturt iphtnili contoining 
cndosporct and Immature spherules as found In tissues; 
right, mycelium segmenting to form arthrospores 
In culture. (x500) 

Fig, 31 

Other infective materials from patients are examined in wet films with 10 
per cent, sodium hydroxide in order to demonstrate these fonm. 

When infected materials are cultivated on blood agar at 37° C. and on 
Sabouraud’s glucose agar at 22° C., the growth is mycelial in both cases. 
The colonies are whitish, at first moist and membranous, but later 
becoming cottony with the deveiopmmt of an abundant aerial mycelium. 
The hyphae segment into arthrospores (about 3 x 4 /t) which beccune 
very thick-walled and are highly imective (Fig. 3 1, right). 

Cultures and infected exudates are pathogenic tor mice and eai^ 
demonstrable infection one to two weelm after intraperitimeal ii^cctioh. 
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Immune and Hypersensitive Reactions. — Pr^pitins and compielnent- 
fixing antibodies appear in the patient’s blood in severe prima^ infec- 
tions* Hypersensitivity to C. inmitis antigens appears during the first or 
second week of severe or mild illness. Intradermal injection of 0*1 ml. 
of a 1 in 100 dilution of standardised ^^coccidioidin” gives rise to an area of 
er 3 rthema and induration of at least 0*5 cm. in diameter. Patients with 
disseminated coccidioidomycosis usually fail to give a reaction. A 
positive coccidioidin reaction has a significance ai^ogous to that of a 
positive tuberculin reaction. 


Rhinosporidium seeberi 

Rhinosporidiosis is a chronic polyp-forming infection of the submucous 
tissue of the nose, eyes, ears and larynx, and occasionally of the! genitalia and 
skin. It is commonest in India and occurs sporadically in man, horses and 
cows. The source of infection is unknown, though persons ^mming in 
rivers and stagnant water are frequently infected. The causatiTe organism, 
Rhinosporidium seeberi^ has not been cultured, but its appearance in tissues 
suggests that it is a fungus. For microscopic diagnosis, material maken from 
a polyp and squeezed in water between a slide and coverslip. Free thick- 
walled sphericd spores about 5-7 in diameter are seen and various stages of 
their growth into spherical sporangia of 200-‘300 diameter. The sporangia 
contain thousands of spores and eventually release these by bursting at a pore. 
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PROTOZOA 

MALARIA PLASMODIA; BABESIAE; 

TRYPANOSOMES; LEISHMANIAE; 

INTESTINAL PROTOZOA 

Protozoa are the lowest and simplest of animals; they are unicellular 
but may display a considerable measure of differentiation and possess 
such specialised structures as undulating membranes, cilia, and flagella. 
A number of protozoa are parasites of man and domestic animals and 
of these the malarial parasite, trypanosomes, amoebae, leishmaniae, 
toxoplasmae, and trichomonas are the most important. The immu- 
nology of protozoan infections is not yet well understood but during 
recent years new serological techniques have been applied to the study 
of these diseases and for further information and a full bibliography on 
this subject the reader is referred to Fulton (1%3). 


THE MALARIA PLASMODIA 

Malaria is a protozoal disease of man in which the causative organ- 
ism, Plasmodium, invades certain tissue cells and red cells of the blood. 
Analogous diseases occur in other animals but as far as is known their 
plasmodia are non-infectious to man. Am exception may be those 
infecting certain chimpanzees which appear to be closely related to PI. 
malariae of man. 

Malaria is an illness with intermittent pyrexia, splenic enlargemmt 
and response to alkaloids of the cinchona group and other drugs. It 
occurs widely thoughout the world in areas where there is a mean annmd 
isotherm of more than 16“ C. (60“ F.) suitable for the breeding of a hum 
number of anophetine mosquitoes and a dense population of susceptflne 
human hosts, as an endemic disease with periodic exacerbations. The 
great advances in the practical control of malaria which have taken place 
have altered the natural history of the disease in many areas but left it 
unaffected in others. Where ^ere is little or no control ffie disease is 
characterised by a High morbidity and relatively low mortality directly 
attributable to malaria. It has, however, far-reaching effects because tff 

lowered rraistance of those affected to other diseases. 

Infants are infected at an early and throughout thdr lives mw be 
repeatedly reinfected; many die during early ^ ather toecffy or mm 
intercurrent disease. Those who survive have a variaUe d^ee of 
immunity together with proliferation of the reticulo-endothdud sysfetn 
^nd splemc enlargement. Thus the frequency of enlar^ spleen is a 
'r^ul indicatiott the degree df infection in a comnuim^. 

2l 
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There are four well-defined species of malaria plasmodium infecting 
man. Plasmodium vivax is responsible for benign tertian malaria and is 
the most widespread, Plasmodium falciparum is the cause of malignant 
tertian malaria, Plasmodium malariae of quartan malaria and Plas^ 
modium ovak^ the least frequently found, is a cause of some infections 
in Africa. 

Plasmodium knowlesii, 2 l natural cause of chimpanzee malaria, may be 
capable of transmission to man and may be a reservoir of human 
infection. 

These plasmodia belong to the order Haemosporidia of the class 
Sporozoa. They have a sexual cycle with sporogony in the mosquito, 
and an asexual cycle with schizogony in man. A number of different 
phases occur, three in man. The complete life-cycle requires alternation 
between the two hosts. I 

Some features of the malaria parasites can be observed in unstained 
preparations but the features of importance in the diagnosis of malaria 
are best seen in preparations with one of the Romanowsky stains, e.g, 
Leishman’s. \ 

Outline of the Life History of the Malaria Plasmodium. — It is intro- 
duced into the body by the bite of the mosquito {vide infra) as a minute 
spindle-shaped motile cell, or sporozoite, containing nuclear material in 
the form of a chromatin granule. The sporozoite rapidly leaves the 
general circulation and invades tissue cells, particularly those of the 
liver, to commence the pre-erythrocytic phase of the asexual cycle. In 
these cells the sporozoites develop into large schizonts which divide to 
form merozoites and these are liberated when the host cell bursts. Some 
merozoites initiate the exo-erythrocytic phase by parasitising other tissue 
cells; others invade red cells to start the erythrocytic phase and enter the 
circulation (Fig. 32). In the red cells the merozoites grow at the expense 
of the cells to form a trophozoite and altered blood pigment accumulates 
as brownish granules. It may display amoeboid movement and protrude 
pseudopodia. More than one trophozoite may attack a single corpuscle. 
The corpuscle may show considerable alteration in size as the trophozoite 
develops. The trophozoite tends to assume a characteristic ring-form 
due to the formation of a vacuole-like structure, with the chromatin 
granule at one side, so that the whole organism resembles a signet-ring. 
When fully grown it is more or less rounded, and may appear to occupy 
the greater part of the corpuscle. These mature trophozoites usually 
contain a considerable amount of blood pigment. 

When fully developed, the trophozoite becomes a schizont, and 
schizogony takes place. The pigment accumulates towards the centre, 
the chromatin breaks up into smaller particles, the protoplasm sub- 
divides and forms a number of small round or ovsd merozoites (about 2 
in diameter) each containing a fragment of the original chromatin. The 
residual protoplasm and pigment remain the centre of the group of 
merozdles* The number of merozoites resulting from schizogony varies 
with iht different species. Finally the individual merozoites arc 

Kbcimted as free structures in the blood. The merozoite attacks anothei 

red c^ and thus the asexual cycle is repeated. 
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In Phsmodium vivax and Plasmodium malariae infections exo- 
erythrocytic schizogony carries on in parallel with erythrocytic develop, 
ment and frequently persists for long periods after the parasite has left 
the peripheral blood. This leads to long latent periods and relapses as 
erythrocytic invasion is always liable to occur. In Plasmodium falci- 
parum infections exo>erythroc)^ic schizogony does not persist along with 
erythrocytic development so dhat once the er3rthrocytic parasite has been 
eradicated relapse does not occur. 

The length of time the organism takes to complete the asexual cycle 
varies with the species: 

Plasmodium vivax Two days. 

Plasmodium malariae Three days. 

Plasmodium falciparum One or ijwo days. 

If the majority of the parasites in the body mature at the same time 
schizogony will be synchronous and fever, possibly rigol will occur; 
thus in PL vivax infection the febrile paroxysm occurs every second day 
(tertian malaria) and in PL malariae infection every third qay (quartan 
malaria).^ This clinical picture is now relatively rare however, especially 
as a result of extensive drug treatment and prophylaxis, and maturation 
is asynchronous and fever irregular. Multiple infection vrith the same 
species may take place and more rarely more than one species may infect 
the same individual. 

In malignant malaria the parasite leaves the peripheral blood before 
it becomes a mature trophozoite, and schizogony occurs, as ja rule, only 
in the blood of internal organs. 


Differentiation of the Malaria Plasmodia 

While some of the organisms develop into schizonts, others become 
gametocytes. In the case of Plasmodium vivax and Plasmodium malariae, 
these are rounded and about the same size as a mature trophozoite. The 
gametocytes of Plasmodium falciparum are sausage-shaped or crescentic, 
with the envelope of the corpuscle stretched across the poles of the 
orescent. Male and female gametocytes are distinguished, and desig- 
nated respectively micro- and macro-gametocytes, tihe former generally 
smaller tlm the latter. The female form of Plasmodium faldpamn is 
narrower than the male. The micro-gametocyte, as compared with the 
macro-gametocyte, contains a nuclear-structure that is relatively large, 
diffuse and often disposed across the body in the form of a spindle. The 
protq>lasm stains faintly and the pigment is diffuse. In the macro- 
gametocyte the protoplasm stains dark blue, the nucleus is small, com- 
pact and often peripheral in situation; but in the female gametoeyte of 
Plamodium falciparum the nucleus is situated centrally with the pigment 
accumulate round it. 

* The term* “tertian" and “quartan” are derived from ttie occurrence of 
aucceeuve attacka on the third and fourth dqw reapectively, oouming the day of 
previoua attack as the firat. 
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P* vivax 
{Bemgn terUan) 

P. malariae 
{Qwartati^ 

P. falctpaxum 
(MdUinemt) 

Asexual life-cycle 

4$ hours 

72 hours 

24 to 48 hours 

Trophozoites in 
fresh unstained 
preparations of 
blood . 

Not refractile, hyaline, 
not easily observed; 
usually one organ- 
ism only in red cell; 
active movement 

Refractile, 

“ frosted-glass ” 
appearance ; 
more easily ob- 
served; less 

amoeboid and 
active 

Small, about ^ ot 
^ of diameter 
of ted celi; 
often more tiian 
one Ofgauiam in 
cell; active at 
first 

Pigment in tro- 
phozoites 

Fine, yellowish- 
brown, and evenly 
distributed 

Coarse, brownish- 
black 

Scanty, fine 

Ring forms 

(stained pre- 
j paradons) 

Large, irregular, not 
well defined, about 
i diameter of red 
cell ; usually single 
chromatin granule 

Thick round rings, 
about ^ dia- 
meter of red 
cell; often in the 
form of equator- 
ial bands 

Small, multiple, 
thin; often 2 
chromatin gran- 
ules; often situ- 
ated at the edge 
ofredcell;about 

1 or i dia- 
meter of red cell 

Red cells (stained 
preparations) . 

Swollen, pale, showing 
deeply stained rose 
to purple points, 
“SchUffner's dots” 

Not altered 

Shrivelled, deeper 
colour, but may 
be swollen and 
pale; may have 
a few deft-like 
irregular purple 
dots, “Maurer’s 
dots” 

Schizonts (stained 
preparations) . 

Large, mulberry-like; 
about same size as 
red cell; 12-25 oval 
merozoites 

Small, “daisy- 

head'»-like; 
smaller than red 
cell; 6-16 round 
merozoites 

Small; segmenta- 
tion irregular; 
S-32 (usually 
12) very small 
merozoites ; 
rarely seen in 
peripheral blood 

Gametocytes 

1 

Rounded ; macro- 
gametocyte about 
one and a half times 
the size of red cell 

Rounded; about 
the same size as 
red cell or 
smaller 

Elongated, cresc- 
entic or sausage- 
shaped 


These gametocytes remain unchanged in the blood until it is with- 
drawn from the body, e.g. by the mosquito or when a drop is exposed to 
air and transferred to a warm stage for microscopic observation. In the 
stomach of the mosquito the following changes occur. The gametocytes 
of the crescoit type become rounded. The female gametocy^ unde^ 
“maturation” by the formation of one or two “polar bodfes” wlutdi 
contain part of die origiiul nuclear chromatin, and are protruded and 
detached. The mature macro-gametocyte constitutes tihe macatH 
gamete. From tli» cell, four to eight fl^ella-like structures are 
quickly protruded (“exflagellation”); these are long, d^er processes 
with somewhat eiUarg^ free ends, each containii^ a chrmnadn granule 
derived from the parmit nucleus, and are the micro-gunetes; they are 
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ultimately detached, and move with a kind of lashing motility. A'micro. 
and a macro-gamete unite to form the zygote which develops movement 
(odkinete), elongates slightly and penetrates the stomach wall, embed- 
ding itself under the outer layer or between muscle fibres; it becomes 
spheroidal, forms an encysting membrane (obcyst) and increases in size 
until it projects into the body cavity; division into rounded sporoblasts 
(or sporoblastoids) occurs, and these divide again into the spindle- 
shaped sporozoites, thousands of which are formed from the original 
odcyst. The cyst ultimately ruptures and the sporozoites are set free in 
the body cavity and settle in the salivary gland, from which they are 
injected with the salivary secretion when ^e insect bites. This phase in 
the life history is that of sporogony (as contrasted with asexual schizo- 
gony in the hiunan subject) and takes seven to ten days under favourable 
temperature conditions. 1 

Plasmoditm ovale resembles Plasmodium malariae, but\the erythro- 
cytes are often markedly enlarged, oval in shape, show \an irregular 
outline, and exhibit to a marked degree stippling (Schiiffner’s dots) as 
seen in the benign tertian form of malaria. The schizont comprises six 
to twelve merozoites. The illness is tertian in periodicity. The infec- 
tion has been transmitted experimentally by the bite of Anopheles 
maculipermis. 

Certain other supposed sub-species of Plasmodium have also been 
described. 


Laboratory diagnosis 

It cannot be too strongly stressed that in the early stages of a primary 
attack of malaria, particularly malignant tertian infection, the clinical 
picture is quite unlike that classically associated with malaria; it may 
simulate any other febrile disease. Meticulous care in the preparation 
and staining of blood smears is important if scanty or delicate tropho- 
zoites are not to be missed with serious consequences to the patient. 

Thin Blood Films. — Two or three films are made on microscope 
slides or |-in. square No. 1 coverslips, which have been carefully 
cleansed and polished with a smooth cloth. Slides are generally 
preferred for the purpose as they are more easily handled than cover- 
slips, though with skill better blood films can be made on coverslips. 

Films on Slides . — ^The blood is obtained by puncturing the lobe of 
the ear, or the finger close to the base of the nail. The needle is sterilised 
by flaming or by some other efiicient process and the area to be punc- 
tured is cleansed with 70 per cent, alcohol or 90 per cent, isopropyl 
alcohol. Touch the exuding drop of blood with the surface of a slide 
close to one end ; place the narrow edge of a second slide, kept at an angle 
of 45°, on tihe drop of blood and allow the blood to spread out across the 
slide in this angle before drawing out the film; now spread the blood 
uniformly on the slide in the form of a thin film (see Fig. 33). 

Films on Coverstips . — ^Touch the drop of blood (obtained as above) 
with &e sur£u» of a coverslip held by the edges between the thumb and 
first fis^ of one hand, and place a seamd coverslip ova: the first so that 
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the drop spreads out between diem. Then, at once, take the second'dtp 
by the edges between the dmmb and forefinger of the odier aad 
slide the two apart without exerting pressure. 

The films are allowed to dry, and are then fixed and stained twdi 
Leishman’s stain. They are mounted and examined, first with a diy 
^-in. lens, and later with the oil-immersion objective. In nftarrhmg for 
crescents it is advisable to use the former. The 4-in. oil-immersion lens 
if particularly useful for this purpose. 

It is essential that the film should be well stained; otherwise it is 
useless searching for the parasite. A valuable guide is the staining of the 
leucocytes in the film; if this is satisfactory, malaria parasites should be 
detectable. 



Thick Blood Films. — As a routine measure, and especially when 
the organisms are likely to be scanty, thick films should be prepared and 
examined. A large drop of blood is deposited on a slide, and spread with 
the head of a pin in the form of a thick film about | in. in diameter, the 
density being such that the hands of a watch can just be seen through the 
film; it is thoroughly dried, e.g. in the incubator. The unfixed film can 
be stained by Field’s stain (p. 668) or for thirty minutes in Leishman’s 
stain diluted one part in twenty with distilled water buffered at pH 7'2. 
Dilute Giemsa’s stain may also be used. Alternatively the haemoglobin 
is removed by treating with acid-alcohol (alcohol 50 ml., hydrochloric 
acid 10 drops) or a mixture of 4 parts of 2-5 per cent, glacial acetic add in 
distilled water and 1 part of 2 per cent, crystalline tartaric acid in distilled 
water, and then washing in water. The film can now be stained by 
Leishman’s or Giemsa’s stains. 

Fresh Preparations of Blood. — k drop of blood is deposited on a 
slide, covered with a coverslip, and the edges of the glass are smeared 
with vaseline to prevent drying of the film. A warm-st^ apparatus 
should be used during the microscopic examination. 

Only stained films are examined as a rule in routine work. Th|^ 
should, if possible, be taken during the pyrexia and no anti-malariu 
drugs should have been administered beforehand. The organisms can 
be recognised by their various characteristic appearances, uid it is 
possible to determine the species or type preset (see p. 533). It 
roust be remember^, however, that the young trophozoites of dm diree 
^es may be almost indistinguishable from one anofoer, and if <mly 
young forms are present in the film, it may be difilciilt to detern^ die 
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species. To inexperienced workers, artificial appearances may %ome> 
times simulate malaria parasites, and a blood platelet overlying a red 
corpuscle may be mistaken for a young form of the plasmodium. In 
some cases prolonged search may be required. It is advisable, in 
searching thm films for scanty malaria organisms, to examine particu- 
larly the edges of the film ; parasites may be more numerous there than in 
the centre. The thick-film method greatly facilitates the detection of 
the parasite. The absence of parasites durmg an apyrexial interval by 
no means excludes malaria and repeated examination of films may be 
required before the diagnosis can be established. 

Malaria organisms can sometimes be detected in films from bone 
marrow aspirated by sternal puncture, and in some cases tiiis method may 
be used for diagnostic purposes. 

For further reading see Shute & Maryon (1959). 


BABESIAE (or PIROPLASMS) 

These protozoal organisms (classified with the Sporozoa) pro^ce disease 
in various domestic animals, but are not known to infect the human subject. 

They invade red blood corpuscles like the malaria plasmodia, and multiple 
infection of these cells is characteristic. The individual organisms are 
generally pyriform bodies about 2 /a to 4 /x in length, containing a well-defined 
chromatin structure. The central part of the organism often stains less deeply 
than the periphery, and ring-forms like those of the malaria parasite may be 
observed. Some species show small rod-shaped forms. Multiplication 
occurs by binary fission, and pairs of individu^ partially attached to one 
another may be seen inside the red cells. For microscopic demonstration, 
blood films are stained by a Romanowsky stain, e.g. Leishman’s or Giemsa’s. 
These organisms are usually transmitted by ticks, of which the eggs may 
become infected. For detailed information regarding the biology and life- 
cycle of these organisms, one of the works on protozoology shoidd be con- 
sulted. 

Babesia bigemina causes Red Water fever of cattle, Babesia cams Biliary 
fever in dogs and Babesia (or TheUeria) parva East African Coast fever in 
cattle. 


TRYPANOSOMES 

Protozoa of the class Mastigophora. Infection with these organisms 
is designated by the general term Trypanosomiasis. 

Thr^ species which are pathogenic~to man have been described; 
Trypanosoma gambiense and Trypanosoma rhodesiense of AMcan Sleepii^ 
Sicteess, and Trypanosoma cruzi of Brazilian trypanosomiasis (Chagas’ 
disease). It is doubtful whether the first two are separate species. The 
last-named is sometimes classified in a separate genus, Sekizotrypatnim- 

The organisms of African trypanosomiasis are transmitted by the 
tsetse fly (Glossina spp), and the msease is limited to areas where the 
vector occurs, between about 15“ N. and 25“ S. During developn^t of 
the disease the patient has febrile periods before becoming apathetic and 
rieepy by day (Sleqiing sickness). Without treatment paral^is develops 
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later and the patient dies. There are clinical differences between t]i|)icid 
cases of E^t African trypanosomiasis (T. rhodesiense) and th<%e of West 
African disease (T. gauineme) but frequently the demarcarion is not 
clear cut. 

The flies bite mainly during the daylight hours: after inoculation 
of the parasites there is local multiplication and sometimes irritatimi 
but this often passes unnoticed and the trypanosomes invade the 
blood. They naay be seen by microscopic examination of tl» blobd 
at this sta^ in infections due to T. rhodesiense but very rarely ythen T. 
gambiense is responsible; in the latter infection adenitis is more common 
and examination of gland juice obtained by needle puncture will reveal 
the trypanosomes. In both forms of sleeping sickness the central 
nervous system is involved, within a few weeks in T. rhodesiense infec- 
tions and after 6 months or more in T. gambiense infections. Changes in 
the cerebrospinal fluid occur and demonstration of the trypanosomes 
may be possible. Diagnosis may be obscured by insufiicient treatment 
or chemoprophylaxis. 

The trypanosome has a definite cycle of development in both human 
and insect hosts. The cycle in the tsetse fly follows ingestion of the 
trypanosomal (blood) form from a human host and leads to the develop- 
ment of the metacycUc form in the salivary glands rendering the saliva 
infective for new hosts by inoculation into the wound when the insect 
bites. There is a definite barrier to development in the fly and the 
percentage in which the trypanosome succeeds in establishing itself is 
low. Prevention is possible by the local destruction of the tsetse fly in 
areas where it is known to occur. 

Infection with Trypanosoma cruzi occurs in parts of Central and 
South America. This organism develops in the hind-gut of the insect 
vector (winged bugs) and is transmitted by their droppings being 
deposited on mucous membranes — e.g, the conjunctivae. Young 
children are most frequently infected and the disease is seen in the acute 
form with fever, adenitis, progressive anaemia and a characteristic 
oedema of one eye. In the chronic form cardiac symptoms pre- 
dominate because of a parasitic myocarditis. The trypanosome is 
readily found in the blood in the early stages, but disappears as the 
disease becomes chronic and penetrates tissue cells where it assumes a . 
leishmanial form (1*5 x 4 /k) and forms cyst-like ^lomerations. 

Trypanosoma gambiense 

Biological Characters. — ^This organism is an elongated, sinuous, fttri- 
form structure, 12-40 long by 1-5-3 /t broad, with a longitudinal 
undulating membrane, and a flagellum projecting from one end. It is 
motile and, in moving, the flagellum is anterior. In stained preparations 
fwo nuclear structures are noted, the larger or trophonudeus situated 
about the mid<ffe of the organism, and the smaller micro- or kimtn- 
Qucl^ (or Idnetc^last) at the posterior end. The latter stahu de^ly 
and is surrounded by an unstained halo. Two constituent Struetufrm 
^ve been distinguitited in the kinetoplast: a granule (blepharoplast) 
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from which the axoneme arises (vtde infrd) and the ‘‘parahasal” body. 
Chromatin-like granules are seen in the protoplasm independently of the 
nuclei. From the blepharoplast arises a filament, the axoneme, which 
forms the free edge of the undulating membrane and is continued into 
the flagellum, forming its central core. This structure stains like chro- 
matin. Morphological variation (poI)morphi8m) is noted among in- 
dividual organisms, some -being relatively long and slender with long 
“free” flagella, other shorter and broader and with a short flagellum or 
lacking a free flagellum (Fig. 34). Intermediate forms are also observed. 
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Forms of Trypanosomidac. 


Multiplication is by longitudinal fission. 

Cultivation of trypanosomes. See Chapter 47. 

Pathogenesis. — The infection is transmitted mainly by Glossina 
palpalis and by G. tackinoider, possibly wild animals are reservoirs of 
infection but transmission is largely from man to man. Shordy after 
blood from an infected person is ingested by the insect, transmission is 
possible in a mechanical fashion. A later stage of infcctivity occurs after 
about 20 days; the trypanosomes have multiplied in the intestine and 
passed to the proven-triculus, the salivary gland and proboscis. Multi- 
plying in the insect, the organism may show considerable change of 
form. Crethidial forms, in which the Kinetoplast is anterior to the 
nucleus, occur. From these crithidia in the salivary gland the so-called 
“metacyclic” forms develop, i.e. resembling the short and broad try- 
panosomes seen in the blood (vide supra). The fly does not become 
infective until the metacyclic forms are present in the salivary 

In man fever may develop within a few weeks of infection or may be 
long delayed; trypanosomes may be so scanty in the blood as to be yeiy 
diflmmlt to find. The superficM lymph ^ands, e.g. p<»ted(nr cervical, 
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IjeconMs ei^tgcd, and trypanoaon^ can be demonstrated, fay puncture 
and aspiration with a-syringe. In the advanced stages of the disease, 
when the characteristic lethargy has developed, the pararites be 
detected in tiie cerebrospinal fluid. 

Monkeys injected with infective material develop a disease which is 
more or less similar to human trypanosomiasis. 

Guinea-pi^ can be infected, and trypanosomes appear in consider- 
able numbers in the blood, but the infection is either unassoriated with 
any obvious pathological condition, or the resulting diseue is very 
chronic in its course. 


Trypanosoma rhodesiense 

Associated often with a more acute form of Sleeping Sickness than 
that produced by Tryp. gambiense. There is evidence of the existence of 
a wild animal reservoir in Tragelaphus (bush buck) and perhaps other 
antelopes ; transmission is probably often directly from the reservoir to 
man by various Glossina spp., morsitans, smnnertom, pallidipes and 
fuscipes. 

Morphologically it resembles Tryp. gambiense, but, in an inoculated 
animal, a certain number of the tiypanosomes (about S per cent.) show 
the trophonucleus situated posteriorly near the kinetonucleus (“posterior 
nucleated” forms). 

This organism is also stated to be more virulent to laboratory animals. 
The question whether or not it represents a separate species is still 
unsettled, and it has been pointed out that Tryp. gambiense may also 
exhibit posterior nucleated forms in inoculated animals, though this is 
infrequent 

It has been supposed that this organism may be identical with Tryp. 
hrucei, the organism of Nagana, but it has been shown by inoculation of 
man that Tryp. brucei is not pathogenic to the human subject. 


Trypanosoma (or Schizotrypanum) cruzi 

The cause of human trypanosomiasis in Brazil (Chagas’ disease). . 

Its first development after infection occurs in the endothelial and 
tissue cells of internal organs, in the muscles and in the heart wall. It is 
non-flagellate at first, and resembles Leishmama {vide infra). It may, 
however, appear in the blood as a t3rpical Apellate tr3rpanosome with a 
very prominent kinetonucleus. 

Certain other vertebrate hosts harbour the organism, e.g. the 
armadillo and opossum. 

It is transmitted by Reduviid bugs, e.g. Pamtrongyhis meatus (syn. 
Conorhinm megistus). These bugs are readily infect^ expeiinoentally, 
unlike GhssiM flies with African trypanosomes, and may be used in 
laboratory dia gnnRjs of Tryp. cruzi i^ections by allowing them to feed 
on sxispect cases, and recovoing the trypanosome &mn dnmfiHnss 
(xenodiagnosis). 
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Various laboratory animals are susceptible to experimental inocula- 
tion, e.g. guinea-pigs, white rats, monkeys. 


Laboratory Diagnosis 

Examination of the Primary Lestwi.— This is of no great practical 
value as the lesion is not often noticed, but if it is, fluid from it may be 
examined for trypanosomes as detailed below. 

Microscopic Examination of the Periphery Blood . — ^As trypaiwsomes 
are scanty in the early stages and especially in Tryp. gambtense infectioiu 
“thick films” are prepared and stained by Leishman’s stain as in malaria 
diagnosis (j.®.)- Unstained (“wet”) preparations of the blood may be 

examined with advantage. , , L j l u 

A method of concentrating trypanosomes m the blobd has been 
applied as follows: 5-10 ml. of blood are withdrawn from a\vein into 20 
ml. of 1 per cent, sodium citrate solution, and the mixture ia centrifuged 
for about ten minutes; the plasma and the leucoc^e layer on the surface 
of the blood sediment are withdrawn and re-centrifuged ; thisUs repeated 
two or three times ; the deposit is examined, in the form of fresh prepara- 
tions and stained films, after each centrifuging. 

Examination of Glond Juice . — If superficial lymph glands are 
enlarged, puncture and aspiration with a syringe may be carried out, and 
the “juice” examined microscopically. The syringe should be perfectly 
dry if this procedure is to be successful. 

Examination of the CSF — In the lethargic state, 10 ml. 6f cerebro- 
spinal fluid are withdrawn, and centrifuged for 15-20 min. ; the deposit 
is then examined either in the form of a fresh preparation under a 
coverslip ringed with vaseline, or in stained films. 

Animal Inoculation.— Blood, gland “juice” or an emulsion of an 
excised gland injected into a guinea-pig may yield a positive dugnosB 
where other methods fail. The blood of the animal is examned, in fresh 
preparations of stained films, at daily intervals after the inoculation. 

Cafeire.— Material obtained as for aninwl inoculation may be 
cultured in suitable media such as NNN medium. 


Trypanosomiasis of A nimal s 

Trvoanosome infections occur in a variety of animals. Different species of 
trypanoromes are recognised. These have Ae general 5^5 

as described in the case of Tryp. gambtense, but show variations m certain oi 

^^’^^%rucH is the oi^^anism of Nagana or Tsetse Fly disease occiwi^^ 
horsiS^r equidae, dogs and cattle in Africa; it is tranaimtted by 
morsitans and attain other species oiGkssina. It is 
and corresponds in its morphology with Tryp. rhodeaense {vtde supra), showing 

Sm " in virtue of its active ^vanent, and 
J mst ptoduce infections in domesticated aium^ m ^nca Mdaretrai mPt 
byUMseflaes. twa* possesses a “free” fla^u^ Tryp.eongetenu 

organism (9-18 /i long) and has no free flagellum* 
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Tryp. ^mmm is the organism of Mai de Caderas, a South American 
disease of horses. A feature of the organism is the inconsidcimus kineto- 
nucleus which stains feebly. 

Tryp. evansi is the organism of Surra affecting domesticati^ animals 
(including camels) in various parts of the world. It is actively motile, with a 
free flageuutn and a ^ blunt posterior end. It is conveyed mechanically by 
Stomoxys and Tabanid flies. 

Tt^. equiperdum occurs in horses, producing the disease krMwn as 
Dourine; the infection is transmitted by coitus. The organism shows a free 
flagellum and is very similar to Tryp. evansi. 

Tryp. Utoid is an excee^gly conunon blood parasite of rats, and is world- 
vride in distribution. It is an actively motile, narrow trypanosome, with a 
pointed posterior end and anteriorly a free fliagellum. The kinetonucleus is 
rod-shaped and stains deeply. It produces little disturbance in the health of 
the host Infection is transmitted b^ rat fleas. 

Tryp. theiUri occurs in cattle in South Africa. It is unusually large 
(25-70 fi in length). The flagellum is free. It is possibly transnutted by a 
Tabanid fly. The pathogenicity of this organism is doubtful. 

For further details of the pathogenic trypanosomes see Wenyon 
(1926) and Faust & Rtissell (1964). 


LSISHMANIAE 

These are pathogenic protozoa with certain biological relationships to 
the tiypanosomes. They are parasitic in man, dogs and a number of wild 
animals. Sandflies are intermediate hosts and vectors. There are 
complex relationships between host, parasite, vector and environment 
producing a varied epidemiological picture. In man leishmaniasis is 
either (a) Visceral {Kola Axar), due to Leishmania donovam ocpurting 
predominantly in children in North Africa, and in both children and 
adults in parts of East Africa, the Indian sub-continent and the Far- 
East, or (6) Cutaneous {Orient^ sore or Tropical sore), due to Leidmuada 
tropica which predominates in the near and middle east, and Muco- 
cutaneous (Esputuda or Uta) due to Leishaumia brasiUenas in South 
America. 


Leishmania donovani 

Visceral leishnumiasis {Kola Axar) is a disease with a l«^;thy 
incubation period, insidious onset and a dhronic course with much 
involvement of the reticulo-endothelial system as shown by leucopoamt, 
anaemia and enlargement of the spleen and liver. The mortality of tltt 
fully developed disease is high but die use of reudual msectioutes in 
r^ent years has mu^ reduced the inddoiGe. Transmission of the 
disease is by the Bmd-Qy (PAlebotomus spp.). Hot and moktcoiMiidtHQ^ 
such as are found dong great riven in south Aria fovour ibe vectrirriid a 
crowded pqiulatkm ensures spread of the disease whKh in the fNrif 
periodically assumed epidemic pcopcMlionB. : , ; 
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When the insect ingests infected blood the organisms berame’tnms- 
formed to leptomonads in the gut of the vector and undergo multiplica* 
tion, ultimately migrating to the buccal cavity from which they are 
inoculated when the insect bites another person. 

Leishmatda donovead is t 3 rpically intracellular in the tissues, situated 
in the endothelial cells of the spleen, liver, bone marrow and lymphatic 
glands. It Doay also be found, though infrequently, in large mononuclear 
cells in the peripheral blood. One endothelial cell may contain a 
considerable number of organisms. 

In morphology it is a round or oval organism about 2-5 in its 
longest diameter. Sometimes in films from the blood in the spleen and 
bone marrow, torpedo-shaped forms are seen. 

Stained with a Romanowsky stain, two nuclear st^ctures are 
observed, one large and rounded (macronucleus), and thelother small, 
deeply staining, and rod-shaped (kinetoplast). As in the trroanosomes, 
this latter structure consists of a parabasal body and a prolongation 
corresponding to the axoneme (rhizoplast). The protopl^m may be 
vacuolated {vide supra). The organism multiplies by binarj^ fission. 

Cultures can be obtained from the spleen on NNN medium 
incubated at 20“-24‘’ C. In culture the organisms increase in size and 
elongate; the kinetoplast becomes situated at one end, and from it a 
flagellum arises. No undulating membrane develops. Thus, Leish- 
mania in culture assumes the biological characters of a leptomonad. 

Monkeys and dogs can be infected experimentally. The Chinese 
hamster {Cricetulus griseus) is susceptible to inoculation and has been 
used for experimental studies. 

In certain parts of the world human leishmaniasis is associated with 
the same infection among dogs which may act as reservoirs of the 
disease. 

Laboratory Diagnosis 

Gland Puncture. — Gland “juice” is aspirated from the inguinal or 
femoral lymphatic glands; films are made and stained widi Leishman’s 
stain as in malaria diagnosis. This method gives excellent results in a 
htge proportion of cases and is without risk to the patient. 

Bone-marroto Aspiration (from the sternum or tibia). — Films are 
prepared from the marrow and stained as above. 

Spleen Puncture . — Fluid is aspirated from the enlarged spleen with a 
fine hypodermic needle attached to a dry syringe and films are prepared 
as above. The procedure is not without risk in inexperienced hands and 
liver puncture is preferred. 

CuUure . — ^Aspirated spleen, bone marrow, or gland “juice” is cultured 
on NNN medium. ■ ^ ^ 

BUmd Films {Thick ). — ^These are prepared as in malaria diagnosis. 
This method is sometimes successful, espedally in India, but is too 
unreliable for routine diagnosis. 

Any one of the above methods may be negative while others are 
poidtive and, for tests of cure, as wdl as diagnous, it is therefore 
!«dhrisable to use more than one method. 
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Ex^frimenM inoculation— m. monkeys or hamsters—with the 
material obtained by spleen, gland, liver or bone-marrow puncture, 
though of value for experimental work cannot be regarded as a practical 
method for routine purposes. 

Leucopenia is invariable in uncomplicated kala-azar and there is a 
relative lymphocytosis. 

The aldehyde reaction has also been used in the Hii^gnmia of the 
disease. For this purpose about 5 ml. of blood are withdrawn and 
allowed to clot. The serum is separated and to 1 ml. are added 2 drops 
of commerci^ formalin. A positive reaction is indicated by an im- 
mediate opacity, followed within thirty minutes by the development of a 
firm white gelatinous coagulum (like boiled egg albumin); mere jellifica- 
tion is not accepted as a positive result. This method is commonly used 
in India, but it has been found unreliable in the diagnosis of kala-azar in 
other countries. 

The complement-fixation test is sometimes of definite value; the 
antigen can be prepared from cultures of the organism. 

Leishmania tropica 

In cutaneous leishmaniasis there are single or multiple indolent 
ulcers on exposed surfaces of the body; there is no systemic involvement 
and the infection spontaneously disappears in a few years leaving dis- 
figuring scars. 

The parasite is found in a wide variety of mammals which act as 
reservoirs of human infection which is more common among children. 

This organism is similar to Leishmania donovam and shows the same 
intracellular distribution. Besides the characteristic oval forms, elon- 
gated organisms may be noted. In culture on NNN medium lepto- 
monas forms develop as in the case of Leishmania donovam. Monkeys 
and dogs can be infected experimentally. Transmission is probably by 
Phlebotomus papatasii and Phlebotomus sergenti. 

Diagnosis . — Films are made from the scrapings from the swe 
(preferably at the margin) after carefully cleansing the surface and 
removing the surface discharge. They are stained with Leishman’s stain. 

Leishmania hrasiliensis 

South American muco-cutaneous leishmaniasis (Uta, Espuncha or 
Forest yaws) is a chronic ulceration of exposed parts of the body and 
secondary ulceration may occur in mucosae of the mouth and upper 
respiratory tract. The disease is mainly contracted in low lying forest 
regions by adult males since they are more frequently exposed. 

T^e organism is morphologically indistinguishable from L. donovam 
but is antigenically distinct. It is found in the edges of the early 
cutaneous ulcers but is later scanty, and also in the regional l 3 mtph nodes 
draining the ulcer. The mucostd lesions are secondary to blood i^mad 
wd the parasite can usually be seen in priqiarations made by scratching 
die intact mucosa around the lesion. ■ ' 
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Mmtenegro's tert is a skin test in which 0*1 ml. of a suspmston of a 
culture of L. brasiUemis is injected intradermally. Infected cases give a 
reaction in 48-72 hours. Alternatively a polysaccharide antigen isolated 
from the organism may be used. 


THE INTESTINAL PROTOZOA 
Entamoeba histolytica 

Of half a dozen species of amoebae found in the human alimentary 
tract only one is pathogenic, namely Entamoeba histolytical the causative 
organism of amoebiasis. 'Hiis disease varies from a mild Iplic to acute 
dysentery with necrosis and ulceration of the large bowel, the passage of 
blood and mucus in the stool and occasionally perforation! Metastatic 
complications after l 3 rmphatic and blood stream invasion\may follow 
with the formation of amoebic abscesses in the liver, brainy and lungs. 
In contrast to bacillary dysentery the incubation period is measurable in 
weeks rather than days; the onset of symptoms is usually more gradual 
and the character of the stools differ from those of bacillary dysentery. 

Biological Characters . — ^The two “types” or races of amoeba are the 
small (average size 9-15 (j) and the large (average size 18-30 fi). The 
vegetative forms are rounded, elongated or irregular amoebae. The 
cytoplasm consists of a clear hyaline ectoplasm, and a granfulsi* often 
vacuolated endoplasm, but this differentiation is not always readily 
observed. In their most active condition the amoebae show flowing 
movements of their protoplasm and rapidly protrude and retract pseudo- 
podia, which may be composed at first mostly of ectoplasm. These 
movements lead to changes in shape and also to active progression, often 
likened to the motion of a snail. The nucleus is round or oval, and in the 
unstained condition is not easily distinguished. It is situated in the 
endoplasm, usually excentric in position. It is poor in chromatin, and 
the nuclear membrane is thin. The chromatin granules are small, and 
are collected in a ring just inside the nuclear membrane. The nucleus 
shows a small central karyosome. The amoebae ingest red corpuscles, 
leuco^tes and tissue cells, which arc observed in the endoplasm, but 
ingested bacteria are less frequently found. The ingested erytlnocytes 
appear smaller than normal. The vegetative forms after leaving the 
body tend to become rounded and immobile, and soon die and dis- 
integrate. Multiplication is by mitotic binary fission. 

Under certain conditions encystment occurs. Cysts are spherical, 
with a thin, hyaline, refractile cyst wall, which gives tiicm a distinct 
double contour. The contents are finely granular. The 
diameter is 6-11 ft for the small race and 11-18 ft for the large. The 
^sts usually contain multiple nudei, not more than /oar, a glycog*® 
maasi and also thick rod-shaped or oval stru^ures sriuch stain 
with haematoxylin and are called “chromatoid bodies” or “chromidial 
l»a»” (see Fig. 35). 
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The sre developed by division of the vegetative fcm into 
smaller and rounded “precystic” forms. 

The newly formed cyst has only one nucleus, which later divxdn into 
two, with further division to four. The glycogen mass is best seen in 
young C3r8t8, stainir^; brown with iodine, but is apparently used up as the 
cyst matures. In unstained preparations the chromatoid bodies appeM* 

as refractile structures. 

Methods of microscopic demonstration and staining are ietored to 
under dysentery diagnosis. 
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Fio. 35 

Stages in the development of EntamodHt hutolytka and EnUmoOa eob. 


Pathogeneais.— In the early stage of amoebic dysentery the vegeta- 
tive forms are present in considerable numbers in t^ large in^tuto ma 
in the stools. They penetrate the mucosa of the toge bowel and di^ 
integrate the tissue by their pseudopodia and possibly also 1 ^ ■ 

Uquefying ferment The submucosa is invaded, and, occ^onalty, sm^ 

vL«e|enetrated from which the amoebae may be car^to^ti^^ 

In the bowel, oval or irregular ulcers aro developed wiA 

edges, which may sometimes lead to perforation of the bowg w^ i^ 

resulting peritonitis. Other complications arestrirtttre, rnyus y^ dm 

andfistul^ Unkss secondary infection t^rs there IS 

tory reaction (cf. baefflary dysentery). ’I?® 

through the pwtal drculation and results m lob^ 
with absoesft fomiatiofi C*tropical abscess ), 
peritoneal or pleural cavities or into Ium. 
a slimy chocohrte coloured pus consisting of necrotic 
blood with relatively few leucocytes or pus cells. The amoeba* m 
2m 
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found mainly in tbe wall of the abscess and may not be seen in die pu; 
when it is iSrst evacuated; no cysts are found in these ttesues. 

Cyste may be detected in the stools, often in large numbers, «thor in 
chronic cases or asymptomatic carriers. After apparent recovery j 
patient may remain a carrier. The cyst represents a resting phase with 
increased powers of resistance to survive outside of the body and is the 
form in which the organism is transmitted from person to person, 
although it is possible in rare instances that immediate ingestion of food 
or drink contaminated with fresh amoebae could cause infection. 

Epidemiology . — Entamoeba histolytica is found in the intestine oi 
man and a number of other mammals, the most important of which are 
the monkey (many species) and the rat (Rattus norvegicm). The life- 
cycle is relatively simple dtemating between trophozoites and cystic 
forms, only the latter being of importance in the spreadl of infection as 
the trophozoite is highly sensitive to environmental influences outside oi 
the heist, especially oxidation and drying. The cysts are cmcharged with 
the stools but only those in the quadrinucleate state' are imective when 
swallowed by new hosts. Those that pass the hazard of the gastric 
juices hatch in the small and large intestine to form trophozoites. In the 
majority of individuals so affected the trophozoites remain free-livirg in 
the lumen of the intestine and it is from these that cysts are formed in the 
largest numbers, up to 50,000,000 a day. Such large numbers may 
however alternate with small numbers so that they may be difficult to 
demonstrate. The cysts are viable outside the body, provided they are 
kept moist, for several weeks in faeces at room temperature and for 
several months in water and sewage at low temperatures. Most modern 
sewige scdiemes will kill cysts but cesspools will not. 

The most important sources of the cyst are chronic cases or asymp- 
tomatic carriers of the protozoa since in the acute tissue invasive stage 
cysts are not formed. Such persons are found widely distributed in 
tropical, sub-tropical and temperate regions though their numbers vary 
wiA the sanitary conditions of the community. Thus in underdeveloped 
areas 50 per cent, or more of persons may harbour the organism whilst in 
the United Kingdom the figure is less than 5 per cent. Amoebiasis 
however is confined to tropical and sub-tropical regions so that factors 
promoting invasiveness of the parasites must be peculiar to these areas. 
Thus the state of nutrition of the host and his resistance may be of 
importance though there is little clear evidence of any relationship 
between &ese and the prevalence of the disease. Foreigners, espeddly 
Europeans, ottering an endemic area of dysentery are highly susceptible 
to infection. The qualitative nature of the diet may be important ffioee 
communities having a high starch diet may have high carrier rates but 
a low incidence of clinical disease. 

■ Thus it is Incoming increasingly clear that Ent. histolytica existe in 
both commoiaal and pathogenic forms. This difference may be 
emrebted mxt so that small amoebM ate bdieved to be nou' 
pathogenic «id some, though not all, of the latge ones {ftlho^mc. 
m^hetiher non-paffu^enic commensal forms become pathc^soic or ^ ^ 
entirely dififierent strains is unknown (Hoare & Neal, 1955). 
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From cues d tmoebic i^ent^ «re invuive whilst those hrom hesMiy 
carrias aie not These “carrier” struns caimot be enhanced in VMU- 
[ence ahitouj^ attenuated virulent strains may be restored in virulence 
by passage. It hu been maintained that the associated bacteria) flora of 
the gut plays a part in invasicm of the tissues by amoebae otherwise mt 
invuive and this is substantiated by the benefit^ effects of antibaoteria! 
antibiotics in the treatment of intestinal amoebiasis, and tihe oecesrity 
the presence of bacteria in cultivating amoebae under hhwcStoiy toor 
ditions. 

Prophylaxis.— This involves the enforcement of good general sani~ 
tation and personal hygiene in the community. Water supplies must be 
efficiently filtered and faeces disposed of so ^t water and food cannot 
be contaminated. The preparation of food must be carefully supervised 
so that wherever pouible it is cooked, and special attention paid to 
vegetables and salads which may have been cultivated on contaminated 
soil. Food-handlers must be regularly examined for intestinal infection 
and hand-washing after defaecation strictly enforced. 

Cues of dysentery may be isolated but u they are not highly infective 
in the acute phase it is more important to ensure that they are thoroughly 
treated to prevent chronic diseue and the development of the carrier 
state. Carriers when diagnosed may be treated with antibiotic drugs, 
e.g. tetracyclines. 


Labcwatory Diagnosis of Amoebic Dysentery 

Collection of Specimens of Stools. — The stool should be examined as 
soon as possdtle after being passed and lohile still toarm. This is most 
succeufully done by looking at the freshly passed stool in a bed-pan and 
selecting for examination a portion that looks suspicious such u blood- 
stained mucus which is characteristic of the acute stage of the infection. 
Alternatively the specimen, immixed with urine, may be collected in a 
faeces specimen tube provided with a cork carrying a metal spoon or 
scoop which fits into the tube, and by means of which faecal matter may 
be collected. A satisfactory alternative is the Universal container. 

Swabs taken directly from the ulcers in the colon or fragments of ’ 
tissue from the edge of the uker taken during sigmoidoscc^y offer the 
best chance of fiiufing the amoebae in chronic cases. 

Microscopic Exammation . — ^This requires care and constderalde exr 
perience for reliable results. A microscope slide is gently wanned over 
the Bunsen flame, and on the middle of one half of the a large dxop 

pf normal saline solution is placed and, on tiie other, a dn^ of 
iodine. A loopful cff the mucous disdiarge or the stool is unulrifii^ in 
the sriine drop and another loopful in the iodine aolutioa. (A prt^Hua- 
tion in 1 per cent, watery eosin also assists in the d^ectbn of prot^Ofu) 

If spe^ oi blood-stained mucus are. observed in tihe ^)ecimn^ tibese 
should be exa m ined. The preparations are covered with No. 1 cover- 
ips, and exanuned first widt the low-power objective and then with the 
-in. and, if necessary, the oil-immersion Icms. ft isadvanti^feous to use- 
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a "warm stage" attached to the mkavscope in etamildng Iresh {Mn^a- 
tions for amoebae (Chapter 44). PhasC'^ontrast imcroscopy is sprotally 
applicable for demonstrating cytological features of the protozoa. 

Vegetative amoebae can usually be recognised without difficulty. In 
the saline preparations Enia$noeba fdsUdytica may often be identi^kd by 
its active charactaristic, amoeboid movement and the inchiMon in the 
cytoplasm of numerous red corpuscles. On the other hand, immobile 
vegetative amoebae without ingested corpuscles present considerable 
difficulty in their identification. Large phagocytic cells (macropha^) 
may be found in dysenteric stools, and may be mistaken for immobile 
amoebae by inexperienced workers. They often show vacuolation, and 
may even contain red corpuscles. Th^ are practically inunobile, and 
the nucleus, unless degenerate, occupying one-fo\uth or one-fifth of ffie 
whole cell, is definitely larger than ^t of an amoeba, anq is not of the 
ring-like or “vesicular" type. This distinction is seen m the iodine 
preparation. In a heat-fixed film these macrophage cells and their nuclei 
can be stained with methylene blue, while amoebae caimot thus be 
demonstrated. \ 

The differences in the morphology of protozoal cysts as seen in 
iodine-stained preparations makes it possible to diagnose amoebic 
dysentery in the absence of motile amoebae. It must, however, be 
emphasised that considerable experience is necessary before the labora- 
tory worker can distinguish pathogenic from non-pathogenic cysts, and 
that it is often a difficult matter to make this diagnosis with certainty. 

Where pathogenic amoebae cannot be detected, the t^icroscopic 
examination of a wet film of the faeces often yields information of 
diagnostic importance. In a case of bacillary infection there is usually an 
abundant and characteristic cellular exudate. The cells present are 
mostly polymorph leucocytes with a varying number of red cells, and in 
the early stages, numerous epithelial celk. In addition to these, macro- 
phages are frequently a characteristic feature of the exudate. The 
leucocytes, as a rule, show marked degeneration. 

In amoebic dysentery there are few leucocytes unless the case is 
complicated by bacterial infecdon. Other charaaers of the amoebic 
exudate are pyknotic bodies, sloughed mucosal cells, altered erythro- 
C 3 rtes, eosinophils, goblet cells and Charcot-Leyden crystals. 

Tliis microscopic examination is therefore an important step in 
di^nosis: the findmg of the characteristic Ent. hutolytka establishes a 
diagnosis of amo^ic dysentery, while an abundant cell exudate and the 
adbsence d amoebae would infficate bacillary dysentery. 

7^ provisional du^nosis enables a report to be made at once as to 
the nature ef the dyserstery, so that treatment can be initiated mihout 
dday. 

Where no amoebae can be found, and if a diagnosis of bacilla^ 
dysentery caniu>t be establi^ed, it is essentiUi that further macroscopic 
exanunatkms be carried out befmre amoebic infectum is exdtuled. 

Demonstration ofAmoebk Cysts by the Flotation Method (Faust et el, 
1939).— A dense, but findy dhddM, vwtery suspadon of faeces « 
pngdadi in a DMrtM and then sttaihed through previotafy^ wetted 
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gauze. ffliKMifdon is centrifuged for five at 2000 tc 3000 

r.p.m. i» a con«^ tube. Tlie contents of the tube excq>t the lowest it^ 
of depoMt arc disaurded and tathe residue, zinc sulphate solution dtsp. 
gr. 1‘25 is adrted in fractwns, thorough mixing bring effected by riarring 
with a glass rod. The mixture is finaUy centrifuged for three 
^.t this stage the cysts float to the surface and are concentratol thmre, A 
[oopfiil of the surface scum is removed and mixed on a riide avhb a 
loopful of Lugol’s iodine, a cover-slip is superimposed al^ |]Mi!']pK|M|jra- 
tion is examined microscopically. 

Stamd preparations are of assistance in the identification bf Intestinal 
amoebae. Films are made on cover-slips from the stool and are fixed 
“wet” by floating the cover-slips (film downwards) in a fixing solution 
consisting of 2 parts saturated perchloride of mercury in sriine, with 1 
part absolute ricohol. They are then stained with iron-haematoxylin. 

An alternative meth^ is that of Dobell, in which the preparation is 
mordanted with ammonium noolybdate and then stained with an aqueous 
solution of haematoxylin. 

Serological Dm^norir.— rComplement-fixation tests can occasionally 
be of value in the diagnosis of extra-intestinal amoebiasis but the sera of 
many patients tends to be anti-complementary and the test is difficult to 
perform and interpret. The antigen, from Ent. histolytica must be 
satisfactorily prepared and the possibility of there being strains of 
differing antigenic structure indicates the desirability of a polyvalent 
antigen-preparation. 

Cultivation. — Ent. histolytica can be cultured artificially by the method 
of Boeck and Drbohlav or a modification of their method (Chapter 47). 

No&ofiathogemc amoebae 

Entamodta coli. — non-pathogenic intestinal amoeba which, in 
diagnosis, must be carefully differentiated from Ent. histolytica. 

The v^etative forms closely resemble those of Ent. histolytica, but the 
cytoplasm is not so distinctly differentiated into endo- and ecto-plasm. 
The pseudopodia are small and blunt and not so refractile as those of 
Ent. histolytica. The nucleus is usually central in position, easily dis- 
tinguishable, rich in chromatin which is sometimes arranged in quadrant 
form, and has a thick, refractile, nuclear membrane. The karyosome is 
well marked. Amoeboid movement is negligible or sluggish. It has been 
generally ^eed tiiat no ingested red cells are seen in the cytofdasm 
(when tl^ organism is noted in a case of dysentery). It has been pomted 
out, however, that in vitro this organism can ingest red crils as rmdily as 
Ent.histolytiea. Bacteria are ingested cfften in large numbers. The cysts 
sre larger (15-30 /x) than those of Ent. fdstolytUa, the cyst vraU h tiiid^ 
and there may be nuare than fcwir nuclri, e.g. frequently rig^it No bar- 
snaped dirrinatoid boffies are observed in the fully devrioped cysts 
which octmr in the faeces. 

Endolmax none. — A frequent non-pathogemc intestinal amoeba. 
The vegetative fiMra is 10 ^ in diameter or less. In unstained prqs^- 
bons the nucleus is not distinct, but when stained by haemainx^Sn It 
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is dsattwstntied, and shows a large, im^ukr, excostnc Icatyo. 
senna. 

Ute cysts aie oval, and about the same shse as dite vegetative lonn, 
They contain one, two ot four small nuclei, but no dinnnatoid bodies, 

lodamMha butseUH and Dientamoeba ^agUis are sdso iiududed among 
die intesdnal amoebae of man, but need not be described here. Their 
diaracters mmr be ascertained by reference to wwks on protozoology 
(Hoare, 1949). 

EnUmoAa hartmanU (Ent. dispar) resembles the small form of Bnt. 
histolytica but is now recognised as a separate non<-padiogenic species. 
Thus amoebae less than 10 (i in size may be either Ent. hartmanU or Ent. 
histolytica and this presents considerable diagnostic difficulty to the 
microscopist. The trophozoites are small 3-10 fi witp nuclei a little 
smaller tW those of Ent. histolytica but the peripheral\chromatin is in 
discrete masses like that of Ent. coU. 

Entamoeba gmgmaUs . — ^This organism occurs in considerable num- 
bers in pathological conditions of ffie mouth, e.g. pyorrhoea, gingivitis, 
doital caries, but has no definite aetiological relationship\to these con- 
ditions. It is about 10-20 fs in diameter and resembles Ent. histolytica in 
many respects, showing active amoeboid movement and differentiation 
of the cytoplasm into ecto- and endo-plasm; the nucleus is indistinct in 
unstain^ preparations; the organism possesses the property of ingesting 
free cells, e.g. leucocytes. 


Balantidium coli 

BedatUidiuM coli is a ciliated protozoon and is the only member of the 
class Ciliophora pathogenic to man. It can cause ulceration of the 
intestinal wall with symptoms of colitis, diarrhoea or dysentery (balan- 
tidial dysentery). The vegetative form is larger than other human 
intestinal protozoa measuring 60 by 40 fi. The body is ui^ormly 
cov^ed with short dlia and at the anterior end is a groove leading to a 
mouth opening. There is a nucleus and the cytoplasm contains vacuoles. 
En^station occurs with the formation of a thick-walled cyst and the 
cysts may ronain alive for weeks in moist faeces. When swallowed the 
cyrt germinates in the intestine, setting free vegetative dliates. 

Balantidiosis is common among pigs which are the natural host and 
probably form tiie source of infection for man. The disease may occur 
in temperate climes, particularly among persons who come into contact 
with pigs. 


lirtestuiid FlagdUates 




tiqxoplasmosis 

undulating meoabrane and with the free part projecting from die 
pointed poaterior end. 

An erganism whkh is budogically similar to Tru^. homitik mitiy occur 
in the vagina, and has been named Trick. vapnoUs. It may be found in 
oases of vagimtis, and tha% is a considerable body of evidence- in 
support of its pa^i^eni^ty. For recognition of Trick, vt^noMt , 
and its <diaracteristic jerky movements, “wet” preparations <rf va^nal 
secretion should be examined first with low magnificatiaA and then 
with the J”in.^ lens of a phase-contrast or dark ground nucrosoope. 
Dried films stained by Leishimn’s stain may also be used for dia gnoarie 
examination. Its morphdogical features are sitnihr to those of 7Vsei!i, 
hondms. 

Chihmastix mesmU. — Resembles Trick, homims, but has no undu-* 
lating membrane and only three flagella. It has an elongated sUt-lilte 
cytostome. Cysts can easily be recognised; they are ovsd, about 8 ft in 
their long diameter, and contain one nucleus. 

Gtardia (or Lamblia) intesUnaUs. — Inhabits the duodenum and 
jejunum. 

Main characters: — somewhat flattened in shape; flat surface pear- 
shaped; bilaterally symmetrical; 10-18 ft in its long diameter; a 
sucking disk, on one surface; two nuclei with karyosomes; twoVh^g 
median parallel axostyles which represent skeletal structures, with 
blepharoplasts at each end; eight flagella in pairs — ^two arising from 1^ 
anterior blepharoplasts (the broad end is spoken of as anterior), two 
arising near the anterior blepharoplasts but following the axostyles to the 
posterior edge of the sucker before diverging, two arising at the posterior 
edge of the sucker and rooted in the axostyles, and two arising from the 
posterior blepharoplasts. 

The cysts are characteristic: oval in shape, about 10-15 ju loi^, wilb 
two or four nuclei (the qrst containing two organisms formed by sub- 
division); the parallel axostyles are observable. 

Giariia intestinaUs has been found in the faeces of young children 
suffering from subacute diarrhoea with bulky offensive stools. Infec- 
tion occurs particularly in day and residential nurseries and there may be 
many symptomless carriers. The giardia can be diminated from the 
bowels of cases and carriers by treatment with mepacrine (0*l-0*3 g. 
daily for six days). 

For further reading on intestinal protozoa see Wenyon (1926) and 
Faust & Russell (1964). 


Toxoplasma 

Human tpyoplaarru w ia is due to infection with Toxoplasma gondii a 
protozoott parasite of many mammals and birds. Human cHnical 
^^tsease is rare. In humsn congenital toxoplasmosis acute involvembht 
every organ can occur and may lead to foetal death or malfomaation at 
birth, and subsem^t encepluditis associated with diorio-eettn^S^ 
Post-natal active msdtse may show virith fever and jaundice , tesiahb^l^ 
haemoly^ disease dF the newborn. Infection acquired after 
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usually mild and, as indicated by antibody studies, is oftm sub-cHnical. 
If more severe tibere may be fever, lymphadenopafhy and lyphocytosis 
resembling glandular fever, or exanidiematous blood infeptiiHi with 
pneumonitis in adults. 

file infection in the new-born t^pears to be derived brom the mother 
m ufsro, the maternal infection being inapparent. In other cases trans- 
mission may occur by droplet infection or contact with excreta or 
infected tissue. 

The organism occurs in the form of oval or crescentic bodies, about 
6-7 li X 2-4 ft, which are found in endothelial and large mononuclear 
(xlls, but also in the foee state. With a Ronaanowsky stain, e.g. Giemsa, 
it shows a reddish nuclear structure and blue cytoplasm. It can be 
transmitted experimentally to various animals, e.g. guinea-pigs, mice and 
other laboratory rodents. The origin of human i^ection nas not been 
defined but similar organisms cause natural infections in n^y animals 
throughout the world. Strains isolated from human infections display 
immtmological homogeneity. \ 

For diagnosis during life, body fluids may be inoculated mto labora- 
tory rodents. The inoculation of material into young mice by the 
intracerebral and intraperitoneal routes at the same time is recom- 
mended. A complement-fixation test using a toxoplasma-containing 
material as antigen is available for diagnosis. A neutralisation test 
(Macdonald, 1949) using the chorio-allantoic membrane of the chick 
embryo has also b<«n found satisfactory. Another laboratory test which 
has been used in diagnosis is the cytoplasm-modifying antibody reaction of 
Sabin and Feldman. It is based on the fact that the orgaiiism when 
acted on in vitro by a specific antibody fails to take up, and stain with, 
methylene blue. The organisms used in the test are obtained from 
peritoneal exudate of experimentally inoculated mice. For details of the 
metiiod and interpretation of the results reference should be made to 
Sabin & Feldman (1948, 1949), and Beverley & Beattie (1952, 1958). 

More recently introduced serological tests include a fluorescence 
inhibition test (Goldman, 1957), a quantitative direct agglutinatbn t«t 
(Fulton & Turk, 1959) using preserved dead parasites, and a simple slide 
test dq)ending on the flocculation of polymethylmethacrylate particles 
coated with toxoplasma antigen by serum antibodies (Sim & Lund, 
1960). These tests still require to be fully evaluated. 
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PART IV 

APPLIED MICROBIOLOGY 


CHAPTER 42 

THE LABORATORY DIAGNOSIS OF 
COMMON INFECTIVE SYNDROMES 

The practice of good clinical medicine requires the intelligent use of 
laboratory services. The aid of the bacteriology department is necessary 
for the accurate diagnosis of many common irfections and selection of a 
suitable antimicrobial agent for the treatment of the patient may be 
impossible without knowledge of the in-vitro sensitiviw of the causal 
microorganism. The bacteriological results, however, should always be 
interpreted in relation to clinical findings and the results of other 
investigations. 

Sterile containers and swabs of various types are provided by the 
laboratory, but unless the clinician accepts responsibility for the careful 
collection and prompt submission of suitable specimens, laboratory 
examinations may be useless. Prolonged transport can result in the 
death of some delicate bacteria and viruses whereas other clinically 
insignificant bacteria may be able to multiply in the material sent for 
examination. The effect of delay in transit can sometimes be overcome 
by the use of special transport media. Specimens must be clearly labelled 
and accompanied by a completed laboratory request form giving relevant 
clinical details. This information is often essential in deciding how a 
particular specimen will be treated in the laboratory. The laboratory 
diagnosis of an infection can be accomplished in two different ways; 
either the microorganism responsible for the infection can be isolated 
and identified, or serological evidence of the host’s reaction to the 
pathogen can be detected. 


L bolation of tfie Causal Microorganism 

Bacteria 

Isolation of the causal bacterium is the most satisfactory method of 
laboratory diagnosis. This may be relatively easy to do, but sometimes 
it is diffu^t or even impossible. The evaluation of cultures inoculated 
widi samples taken from sites which have a normal bacterial fiera 
requires experience. Here potentially pathogenic bacteria have to be 
distinguished from commer^ organisms and isolation of a potential 
pathogen is n<^ necessarily significant* 

The way in which a specimen is treated in the laboratory largdy 
on its source and nature although the routine method txmy be 
modified if there are speaal drcumstances noted in the patient’s history* 
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The ^)Oitttor^ exainmatbn of bscteriological spedmens, however, 
foUows s standard pattern. 

1. Dntscr Films.— Films tiaade firmn die material submitted ate 
usually eatamined after they have been stained, but some direct films, 
e.g> those made from faeces and urine, may 3 rield additional ixrformation 
if th^ are mtamined unstained (“wet films*’)* Gram’s method is the 
staining technique universally used and, if tuberculous ii^ection is 
suspected, Zliehl-N^sen-stained films are also prepared. In 

films stained by Leishman’s method or another Romanow^Ey stain may 
be necessary to study the nature of the cells in an evudaDp. 

2. Culture. — ^The specimen is inoculated on to solid and into fluid 
culture media. 

(a) Solid Media. — ^Blood agar is the most widely used medium in 
diagnostic bacteriolo^ and plates of this medium, seeded with the 
material sent for examination, are often incubated in a variety of different 
atmospheric conditions. These range from the presence of air (aerobic 
conditions) through vaiying degrees of reduced oxygen tension to com- 
pletely anaerobic conditions; the addition of cubon dioxide may be 
necessary for the growth of certain bacteria. On blood agar, colonies trf 
many of the common pathogens can be recognised after overnight 
incubation. Other types of media in routine use include specially 
enriched media which promote the growth of exacting pathogms, e.g. 
chocolate a^r for the isolation of the gonococcus, and selective media 
which inhibit some organisms but allow others to grow. Many selective 
media have been devised to facilitate the isolation of a particular patho- 
gen from a mixture of commensal organisms, e.g, desoxycholate-citrate 
agar for the isolation of intestinal pa&ogens. 

(b) Fluid Media. — Bacteria may not grow on solid media if only a 
few viable organisms are present in the specimen, or if the material sub- 
mitted contains substances that inhibit bacterial growth {e.g. antibiotics). 
Inoculation of a suitable fluid medium, however, not only ensures the 
rapid multiplication of small numbers of organisms but alro dilutes the 
concentration of inhibitory substances and may allow growth to take 
place. Note, however, ffiat such cultures yield no information about the 
number of organisms actually present in the original specimen. Growth 
in fluid media is investigated by making films from &e broth and sub-, 
culturing on to solid media. The most important fluid medium fiM 
general use is Robertson’s cooked-meat broth which grows both 

and anaerobic organisms. 

3. Antibiotic SENBiTivrrr Tests. — ^By determimng the soositiidQr 
of pathcwemc l»ctoria to the various antibiotics the laboratmy can aid 
fite practtdoner in the treatment of bacterial diseases. In geiteral 

is good i^^teement between the in-vitro sensitivity of die infecdi^ 
organism to a givoi antibiotic and the clinical response observed vditei 
that drug is givoti to the patient . i . 

The simplest way to carry out these tests is by die disk diffiiston 
utoAod. Hoe a number of pa|>er disks or tablets contahdi^'.diffBrent 
antibiotics are placed on die surface of an agar plate dmt' oaa been 
uniformly spread with the te^ organiun. Aftw overnbj^ imadMdfaia 
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Hie plate is examined for zones of inhibition of frowth aro^ the 
vari^ disks. The size of these zones indicfatiw the degree of aenmtivity 
to the antibiotic contained in the disk: growth right up to the diakimirgb 
indicates resistance. In order to speed laboratory reporting it is some- 
times possible to use the specimen submitted, pus, urine, as the 
inoculum instead of the isolated pathogen. This is called primary 
sensitivity testing. 

Virases 

The isolation of viruses is time-consuming, expensive and requires 
special laboratory resources. Attempts to isolate viruses are often futile 
unless the specimens are collected in the very early stages of the illness; 
the specimens must be promptly preserved, and sent to the laboratory 
by a very rapid method. I 

Swabs on wooden applicator sticks are the most suitable for taking 
materials from the throat, mouth, skin lesions, rectum,! vagina, etc. 
Immediately after use the stick is broken to a short length md the swab 
is inserted into a screw cap container to which has been added about 2 
ml. of a suitable transport medium (e.g. medium 199 or 1 per cent, skim 
milk) containing SO units penicillin and 50 /xg, streptomycin per ml. 
Samples of faeces should also be placed in a transport medium. 

Spedmens for virus isolation should be placed at temperatures below 
4® C. without delay after collection, and they must be kept at these 
temperatures until the tests are carried out. It is often convenient in 
hospital practice to store the spednien in the ice trays of f domestic 
refrigerator. For transport to the laboratory the specimens in their 
containers may be surrounded with ice, or preferably an ice-salt mixture, 
in a suitable jar or tin. Do not send such specimens by post. The best way 
of transmitting frozen specimens to a laboratory at some distance is to 
pack them in a special insulated box or thermos flask surrounded by ‘"dry 
ice’’ {i,e, solid carbon dioxide). Such containers are sometimes available 
on demand at the laboratory. 

n. Serological Diagnosis 

Serological tests to detect antibodies against the infecting micro- 
organism provide a useful means of indirect diagnosis. These tests are 
of especial value in virolocy where isolation of Ae virus responsible for 
the infection may be difficult or impossible. In diagnosing bacterial 
iltfectiona, however, serological methods are less often used but there 
are two particular instances where such teats are routine, viz, the 
exammtiem of the patient’s serum for agglutinating antibod^ against 
the satmofieilae responsible for enteric fever (Widal Reaction) and 
Brucella oftorlur when investigating the cause of an unknown f^er, and 
the examination of the patient’s serum for complement^-fbcbog or ilocca- 
latiiig antibodies in the diagnosis of syphilis. 

Serological Diagrmis of Virus Infectkms * — ^Serolopcal tests fot 
complement-fixing, neutral^g and haeinagglutination inhlbiflii^ anti^ 
Imdies, often give valuable diagnostic informalion; they v^taal 
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routine tnfAUS itrf lahoratory investigation in some virus infection^: 
Since enwM ta»c« of antibody may pmist long after recovery and axe 
frequently demoi^able in normal healthy individuala thu 
of a single sample OT^serum seldom yields mformation of any vslue; 
Exceptions axe seen in cases of mfections with the psittacosis sod 
lymphogranuloma venereum vuruses where Ae single observatioii of a 
high antibody titte may be significant. In most other infections the 
results of serological'tests are of diagnostic significance oidy if it been 

shown that there has been at least a fourfold rise of antibody titre during 
the period between the onset of the illness and convaiescenoe. 

It is therefore essential to send at least two samples of serum to the 
laboratory; the first taken as soon as possible after the onset of the 
disease, and the second after about three weeks. Details of the optimum 
times for the collection of sera are given in Appendix IV at the end of 
this chapter. 

For the tests, 1—2 ml. of clear serum showing no trace of haemolysis 
is required. The serum should be removed from the clot within 24 hr. 
of collection and then kept at 4® C. or lower. When both acute and 
convalescent samples have been collected they may be sent to die 
laboratory by post. Whole blood is unsuitable for transmission by post 
and should not be sent. 


BESPIRATORY TRACT INFECTIONS 

Infections d the Uf^ier Requratory Tract 

The upper respiratory tract is frequently involved in general and 
localised infections involving the mouth, oropharynx, nose, nasopharynx, 
larynx and trachea. The primary infection is usually viral in origin and 
secondary bacterial infection is most often due to the potential pa^ogens 
resident in the upper respiratory tract, e.g. pneumococci, streptocoed, 
H. influenzae and staphylococci. The area ^ected is usually obvious 
and examination will be directed to the site affected. The mt»t useful 
procedure is to take a swab direct from the surface; if exudate, mraabrane 
or pus is present some of this should be sampled. Films may be pre- 
pared from the swabs after cultures have been inoculated, or smears may 
be prepared directly from the membranes, exudate or autfiice by means 
of a swab or loop and stained by suitable stabs. 

Acute mouth infections, such as stomatitis, are commoner in yot^ 
babies, children and older persons, especially when the pahent fe debUi- , 
tated as die remit of intercurrent disease, or when the mouth Im bgI 
been given pr^>^ hygiene. The more common organisms involved axe 
aerobic and anaerobic streptococci, Vincent’s organisms, and C andidt 
species; viruses involved may be those of herpes simplex, C oaa a c i ki e 
g'‘<>up A, meadea, smallpox, etc. More rarely Treponema paUUsm stid 
“^'eponema perUme are le^nsible. • ' 

S<me Tbtoah— This i^drome, characterised by acute i iW Bi a i n a- 
tion of the tfawtiHar and faudal areas (acute tonaillitiis, acute phtryBgid»> 
^ith or wiAottt whidi may be loose or adheientr taaobst eom^ 
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monly due to Sir^, pycgenes. But many cases uf acute soie duoat, 
and espectally the milder cases, are virus infections (mostly adeno. 
viruses), and it is important to distii^ui^ between streptococcal and 
non<etrq>tococcal infectiona since the former respond to penkillin 
dierapy which is also effective in preventing s^>tic and non-septiic 
con^lications, includmg acute rheumatic fever. Virus infections, on die 
other hand, do not respond to antibiotics and should not be treated with 
these dn^ unless there is evidence of a secondary bacterial infection. 
Other causes of sore throat with exudate are diphtheria and Vincent’s 
angina; exudate is also frequendy present in certain forms of mono- 
nucleosis (glandular fever), in agranulocytosis and in the leukaemias. 
An important contributing factor in the last three of these diseases is the 
diminudon or inefficiency of the granular white cells whicn normally act 
as scavengers in keeping the mucous membranes clean. \ 

Acute adenitis, sinusitis, otitis media, rhinitis, laryngitis, tracheitis, 
may accompany or follow the acute throat infection. Chronic diseases 
may be due to leprosy, syphilis and tuberculosis. Actinomycosis with 
involvement of deeper tissues and the formation of abscemes is a rare 
cause of infection in the cervico-facial region. 

Dai^fiiostic procedures. — A throat swab specimen is taken. The 
patient holds his mouth open and breathes deeply. A good light should 
be placed to illuminate the throat. A clean wooden tongue depressor or 
the handle of a clean spoon should be used to press down the tongue. 
The throat swab is then quickly placed in the throat and rubbed gently 
but firmly over the tonsils, the posterior pharyngeal wall and, par- 
ticularly, on any areas of purulent exudate. 

Direct Film. — ^A direct film may on occasion be helpful if the 
causative organism has a characteristic morphology. A clinical diag- 
nosis of Vincent’s infection may be confirmed by demonstrating the 
diaracteristic morphology of BorreUa vincenti and the accompanying 
fusifmm bacilli; these organisms are in any case virtually impossible to 
cultivate. The observation of many “yeasts” in the direct film confirms 
the diagnosis of thrush, and films may be of limited assistance in the 
presumptive diagnosis of diphtheria, especially if membrane is present. 
I^mever, direct films are valueless in the differentiation of most other 
acute infections because the normal commensal flora are similar in 
morplmlogy to the specific pathogens. 

Suitable material should be examined by dark-ground microscopy to 
CKclude treponemal infection such as syphilis and yaws if this is sus- 
pe^ed, and scrapings from suspicious lesions may be stained by the 
Zh^-Nedsen technique for Mycobacteria. 

Throat wadiings may be taken for ffie isolation of virtues and for 
direct examination to detect antigen by the fluoresccint antibody tech- 
nique (Chi^it^ 54). 

Culture. — T he ^»ecimen is jflated on to blood-agar plates whidt are 

incubated aerobically, anaerobically and in the preseixie carbon 
i^dxide. Pemcillin are useful for the differentiatien^of baemelytn’ 
steqatococci and spec^^ Chocolate agar is inoculated ^ 

BamefMut infl^natae and ndmeriae: St^Mmcaud's medhim h _ 
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cultivating Candida and other fungi, wid a tellmite mediinn laid 
Loeffler’s aenim are inoculated if infection with CorynOaOmum 4^ 
ffisnoc la suspected# ■ 

The interpr^tion of results of culture of material £rom1^ respira- 
tory tract requires a knowledge of the commensal flora of the upper 
respiratory tract, which is as follows: 

anterior nares: staphylococcus, including Staph, ofifni said 
aureus (30-50 per cent.), diphtheroids. 

nasopharynx: alpha-haemolytic streptococci, nosSeriae, staphylo- 
coccus and more rarely pnetunococcus. 
mouth: alpha-haemolytic streptococci predominate, 
oropluuynx: alpha-haemolytic streptococci, pneumo(x>cci (30-40 
per cent.), Haemophilus species (40^-60 per cent.), neisseriae and 
diphtheroids. More rarely Strep, pyogenes and Neisseria memngitidis 
(see Report, 1939). 

Salivary and other upper respiratory tract secretions contain vast 
numbers of th^e commensals and sputum will be contaminated with 
them. Some of these commensal organisms, e.^. pneumococci, Haemo- 
philus species are potential pathogens causing secondary bacterial 
infections; the r6Ie of others is doubtful. 

In health it is practically impossible to recover organisms from levels 
of the respiratory tract below the middle of the larynx. 

Infections of the Lcmer Respiratory Tract 

The lower respiratory tract (bronchi, bronchioles and lung tissue) is 
usually infected by pathogenic microorganisms from the upper respira- 
tory tract and by spread through the blood and lymph channels; more 
rarely there is direct extension of infection from other affected tissues, 
such as the liver. The mucous membrane of this part of the respiratory 
tract is probably sterile in health, but direct examination involves 
bronchoscopy or lung biopsy, neither of which is indicated in the normal 
course of the diagnosis of infection. 

Sputum from patients with acute bronchitis, acute exacerbations of 
chronic bronchitis, bronchiolitis and pneumonia, should be examined 
bacteriologically. In most cases the sputum will consist of a mixture of 
exudate from t^ affected mucous membrane or lui^ tissue and saliva. 
The more purulent material is likely to contain specific pathogens and 
therefore examination should be directed to this part by ^treading the 
sputum in a dish so that the purulent material may be picked directly 
with a loop. Altemativdy, the sputum may be homo^ntsed eiflbu^ by 
adding saponin and incubating for half an hour, or by shakingfoe^utum 
with glass beads ; in this way random sampling of the sputum ^>emmeii 
will include any pathogens present. 

Direct Film. — Films should be made from the sputum and sttdned 
hy Gram’s method. They are of limited value and give no indinii;^n of 
^ number ctf viable organisms present: further the presenee of eom- 
ntensal organisms in saliva may confuse the picture. Direct fitoas ate of 
more value in the diagnosu of speciic infections of the hmig; ai 
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pneumococcal and Staphylococcal inlectiosis. If tubeiculoiis 
suspected, a direct stained by Ziehl-Nee^s^’s method is examined 
for acid- and alcohol-fast bacilli. 

Culture. — Sputum is plated on blood agar for atarobic, anaerobic 
and carbon dioxide incubation and on clu^late agar inoibated in 
carbon dioxide with diagnostic antimicrobial disks. An optnchin disk 
may be placed on the plates for the differentiation of pneumococci from 
Strep, vmdttm. In specific infections the significant organisms such as 
pimumococd, Haemophilus influenzae and Staphylococcus aureus are 
usually isolated in large numbers. If tuberculosis is suspected the 
sputum is concentrated prior to culture and sometimes guinea-pig 
inoculation is also performed. The methods are detailec^ in Clu^er 14. 


ACUTE INTESTINAL INFECTIONS 

Acute diarrhoea with or without vomiting is a Very mmmon com- 
plaint that may be due to a variety of causes. Infection mth known or 
imknown bacteria, viruses and protozoa is a major contributor but 
specific bacterial pathogens can be recovered from not more than around 
20 per cent, of the “infective diarrhoeas.” The most conunon identifi- 
able intestinal pathogen in Britain is Shigella somtei; the salmonella 
species, enteropathogenic Esch. coK, and the food poisoning enterotoxic 
strains of Staph, aureus and Cl. toekhii are less commonly incriminated. 
The aid of the laboratory is essential in arriving at a diagnosis and 
spedmms of faeces should be sent for bacteriological examination. A 
specific infection must never be excluded on the basis of one negative 
report and a series of specimens may have to be submitted for investiga- 
tion. 

I^ecimen Collection 

A sample of faeces is a much better specimen than a rectal svrab. 
However, if a large number of contacts of a patient with an infective 
diarrhoea have to be investigated it is often more convenient to take 
rectal swabs. When this is done it is necessary to ensure that these 
swabs san^le the contents of the rectum and that they are imt merely 
placed mfite anal orifice. Faeces should bepassed into a dean potwfaich 
does not contain any antiseptic and the specimen should be collected 
free fixHn urine. A sample of the apedipenia transferred with the spoon 
provided to a sterile glass universal container and this should be sent to 
the laboratory as soon as possible. Altemadvdy, a sample of the faeces 
in the pot may be sent on a swab. If dday is inevitable, it is an adi^tage 
to tmarpott the specimen in glycerol si^e because this prevmits the 
imestinal commensal organisms overgrowing «iy emetic pathog<to<> 
i»aybefn«smit(seeA{^>endixI}. Hamoelncdysemeryisw^t^pectedth^ 
t^pdcimra most be available for examination a/«e minutes of being 

fSHsed if the motile vegetative form of EntamoAa hutalytka is to be 
recognised. The record of the history salt with die ^wcimen should 
iod^ informatton about recent foreign travel as pstseots who have 



INTESTINAL INPBCTXON8 ^ 

been abrosd sic nMcs likely to be infested with intestiind protoxoe atid 
worms* 

Labo wtoiy J E xami im 

AppeaRAKCT.*— T hd specimen is examined naked'^eye for 
fresh blood, altered blood (melaena) and for the presence of i^diole 
worms or tapeworm s^pients. 

Wbt FiLMS,~The8e films, made by suspending the in 
are not prepared as a routine in all laboratories. TTiey are examined for 
red blood cells and pus cells, the vegetative forms of protoscoa such as 
Entamoeba histolytica^ the cysts of intestinal protoasoa and the ova of 
intestinal worms. If the presence of cysts or ova is suspected, fibri l 
should be made after the concentration of the faeces, by the zinc 
sulphate flotation method (Chapter 41). 

Stained Films. — Gram-stained films are of limited value in the 
bacteriological examination of faeces. In staphylococcal enterocoHtis, 
however, the stool is watery and Gram-stained films show many clusters 
of Gram-positive cocci with few, if any, other organisms. 

Culture. — If the faeces are formed, a little of the specimen should 
be emulsified in saline or peptone water and this suspension is used to 
inoculate solid media; in the case of fluid faeces, an effort should be 
made to select flakes of mucus for culture. The solid media routinely 
used in Britain are MacConkey’s medium, desoxycholate-dtrate^agar 
(DCA) and Wilson and Blair’s medium. Fluid enrichment mecUa 
such as selenite F and tetrathionate broths, which allow the multiplica- 
tion of enteric pathogens but inhibit the growth of intestinal commensal 
organisms, are also inoculated with the sample: after 24 hr. incuba- 
tion the broths are subcultured on one or more of the selective solid 
media named above. The resulting growths on the solid media are dealt 
with as follows. 

On MacConkey’s medium and DCA the Gram-negative intestmal 
bacilli produce pink colonies if the organism ferments the lactose in the 
medium and pale colonies if it fails to do so. Pink colonies are usuaUy 
abundant on the MacConkey plate but they tend to be scanty on the 
more inhibitory DCA medium; most of these lactose-fermentiiig 
organisms belong to the genus Escherichia and the rest of them are other 
intestinal commensals such as ELlebsiella species. Therefore, whas a 
search for intestinal pathogens is being made, pink colonies esao be dis- 
tegarded as a rule* There are, however, two important exceptions to 
this: Shigella somm is a latc-lactose fermenter and may produM digl^ 
pink colonies after overnight culture, and the enteropatihogenic strs&m 
of Escherichia coU^ which can cause severe diarrhoea in infancy, produce 
colonies morphologically indistinguishable from other strains of E$t^ 
^^li» Thus when faeces from young children are being examined, several 
pink colonies, preferably about ten, should be picked from the Jftws- 
Conkey plate and serologically tested on a slide against a 
enteropathogenic JEw*. coU antiswnim. If aad^tination taKes ^iac^ 
further tests are made with individual Qrpc-spccific sera to aSow pro- 
^^ionalidendfioi^^ This must be confirmed hsreettihg up 

2n " 
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a tube agglutination test and showing that a boiled suspension of th« 
organism is a^Iutinated by dilutions of the monospecific antismini up 
to the stated titre. 

The organisms that produce pale colonies may be salmonellae oi 
sbigdlae but they may also be Proteus species, non^lactose-fermenting 
strains of Etch. coU or some other gut comment organism* Therefore 
all pale (and slightly pink) colonies are subjected to biochemical inves- 
tigation. Their activity is tested by picking a single pale colony and 
inoculating a tube of peptone water (to test for motility and indole pro- 
duction), a series of peptone waters containing different carbohydrates 
(subsequently examined for the formation of acid and/or gas), a urea slope 
(to test for urease activity) and an agar slope (the growth on this to be 
used for agglutination tests if necessary). It is wise al^ to ^^plate out” 
the pale colony on MacConkey’s medium and to examme the resulting 
growth to make sure that it is pure. Alternatively, biochemical activity 
can be tested by the use of composite media such as those described by 
Gillies (Chapter 47). If the results of the biochemical teste are consistent 
with the organism being a salmonella or a shigella, slid^ agglutination 
tests are carried out with polyvalent antisera; if these are positive, 
provisional identification is made by further slide agglutination tests with 
monospecific antisera. In every case, final identification must depend 
on the result of tube agglutination tests. Most laboratories have only a 
limited range of antisera and although these are sufficient for the 
recognition of the common salmonella and shigella types, unusual species 
may have to be sent to a reference laboratory for identifictation. 

On Wilson and Blair’s medium jet black or dark green colonies with a 
metallic lustre are selected for further examination. Such colonies are 
typically produced by some of the salmonellae, Salmonella typhi, and 
Salmonella paratyphi in particular, and they are investigated in the same 
way as pale colonies on MacConkey’s medium or DCA. 

In addition to the routine methods of culture described above, faeces 
from patients suspected of having food poisoning are sometimes 
examined for Staphylococcus aureus and '*heat-resistant” strains of Clos- 
truUtm mlchiu If present in fairly large numbers, Staph, aureus can be 
isolated by inoculating the faeces directly on to blood agar, although 
there is always the risk that the culture will be overgrown by Protm 
species. For this reason direct plating on a selective medium such as 
salt-milk agar is to be preferred. It may be possible to isolate Staph 
aureus from faeces that contain only ^rnall numbers of this orgaipm by 
inoculatiii^ a salt cooked-meat broth with the faeces and incubating this 
overnight bdFore subculturing the broth on solid media* The isolation of 
a few Stapk aureus from a specimen of faeces, however, is of doubtful 
significance for some 20 per cent, of normal people carry SU^ aureus^ 
their fibsces. It should also be remembered that stapbylwocxal 
toxin is more resistant to heat than SUxph. aureus and it is 
possible for a patient to suffer from st£q)hylococcal food poisoning even 
when StopA* ameus is not isolated from either the faeces or the suspect 

food, . /I 

. sporai of the food-poisoning strains of CL Astan 
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boiling ftar 1 hr. and this property is employed in isolating these ^ains 
from faeces (sec Chapter 27 for a detailed description trf die ijaelhod)* 
Again Ae sigmficance of Aese orgamsms in faeces requires critical 
evaluation because Acy can be found in Ac faeces of 5—30 per cent, of 
apparently healAy people. 


URINART TRACT INFECTIONS 

The diagnosis of urinary tract infection cannot be made wiAout the 
bacteriological examination of the urine. Patients yuA classic symptoms 
of urinary inf^ion may have a sterile urine and asymptomatic patients 
may have significant bacteriuria. The chemoAerapy of proven infection 
should be controlled by in-vitro sensitivity tests and the outcome 
assessed by examination of the urine at the conclusion of treatment. 
Follow-up of patients who have had a urinary infection is essential 
because relapse may be clinically silent. 

Specimen Collection 

Specimens are usually collected in universal containers, but for Ae 
collection of mid-stream specimens from females it is an advantage to ' 
provide a wide-mouthed container such as a 12-oz. honey-pot. Alter- 
natively, disposable plastic pots wiA tight-fitting lids can be used for 
urine specimens. 

From male patients a mid-stream specimen of urine (MSU) Aould 
be submitted: Ae prepuce is retracted, Ae glans penis cleansed vnA 
soap and water and the middle of Ae urinary flow collected. For- 
merly, for bacteriological examination, a catheter spedmen of urine 
(CSU) was always collected from female patients so tlmt contamination 
of the specimen with organisms from the ano-genital region was avoided. 
This practice, however, is no longer regarded as justifiable because 
catheterisation may introduce infection — a risk, under ideal conAtions, 
estimated at between 2 and 6 per cent. As a result voided spedmens are 
now submitted from women and, if carefully taken, Aese compare satis- 
factorily wiA caAeter spedmens. To collect a voided specimen, the 
ano-genital region should be Aoroughly cleansed and antiseptic, e.g. 
chlorhexidine or cetrimide, may be applied to the labia. The patient Aen 
passes urine wiA the labia separated and Ae midAe of the str^un is 
collected for examination. Note, however, that a perfunctory wash of 
the vulva, and Ais is often all that can be carried out where toilet 
facilities are limited, is of no value. 

Once collected, Ae specimen must be transported to the labtuatot^ 
wiAout delay because urine is an excellent culture meAum suppotAl^ 
Ae rapid growA of many bacteria. If delay of more than 1—2 bar, is 
unavoidable the multiplication of bacteria m the urine should be |»re- 
yented by storage in a refrigerator, or Ae specimen may be traniipciited 
^ m some form of spedal c ontainer Aat nudntains a low tempeasAie. A 
[ ®tmple container wludh utilises a standard one pint vacuum flash has 
been devbed foe A»a purpose (Elliott and Sleigh 1963). 
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Lrfxwatary Eyrnnination 

“Routine” examination of the urine, mde mfra^ ta still carried out in 
most bacteriology lalxycaies. In recent years, however, die trend 
y been to apply various quandtattve metho<b: the eaumeradon of the 
number of bacteria in each ml. of freshly voided urine has allowed the 
development of the concept of significant bacteriuria, and the introduc- 
tion of a simpMed method has revived interest in measuring the urinary 
white cell excretion rate. 

Routine Examination. — ^The urine is centri^ged, and wet and 
Gram-stained films are made from the deposit which is also inoculated 
on to blood agar and MacConkey agar plates. The supernatalnt may be 
kept for chemical examination. The wet film is examined at this stage 
for pus cells, red blood cells and organisms; if many bacteria ue seen, a 
primary s^isitivity test is set up. The following day the stained film and 
the cultures are examined. If the prim^ sensitivity test platemas been 
omitted or if it cannot be interpreted with certainty, another SMsitivity 
test is carried out when the organism has been cultured. This time the 
isolated organism and not the urine deposit is used as inoculum for the 
sensitivity test plate. 

Interpretation. — ^Pyuria is variable in degree in urinary infections. It 
is almost always present a^id is often gross in acute infections but in 
chronic infections it may be absent. Squamous epithelial cells and 
lactobacilli seen in urinary depodts from women indicate vulval con- 
tamination. Culture may yield no growth of bacteria, a growth 
indicating contamination, or a growth signifying infection. A scanty 
growdi of several different organisms usually in^cates non-pathogenic 
contaminants, e.g. Staph. oBm, micrococci, diphtheroid o^nisms. A 
heavier growA of one or two bacterial species indicates infection and the 
fypes of organism isolated may vary with the patient's history. In acute 
uncomplicated and untreated infections the growth is usually of a single 
organism which in some 80 per cent, of cases is EscheriMa coU. In 
clinic infections, where there is often established disease of the urinary 
tract, the cultures are more likely to contain more than one organism and 
KJebmUa, Proteus and Pseudomonas species and Strep, faecdtis are 
common. 

Qutotitetive Examination 

WimR Excretion Rate. — ^Although gross pyuria is easy to 
dMect thiue is no general agreement about ^e significanGe of an occa- 
siomd pus cell seen in a urine depodt. TheorigindquuititattveiiMidiod, 
that Addis, had a number <ff disadvantages and the tedmique of 
Hougldxm and Pears (1957) is generdly used nowadays dthoug^ 
for reasons already dircusse^ mid-streMn ralher tiiatt cathdier 
sMns shmild. be examined. In order to detenmne dm excretion 
rate o£ white cdls total volume iff mine voided tsust be meamu^ 

and die time during vdiich it has coHected in die Madder must be known- 

Ten ml. of this urine are oentrifoged, nine ml, of the nqiematant 
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jiscartted and the dqpodit is re*suspended in the remuning one lid. 
This coQCentrates the eeilakr eicments, and the leucocytes snd .oto^ 
jquanaous imithdial cdb presoit are then counted in a FuchS'Rosso^bai 
chamber. number of diese ceils excreted in eadi hour ctm dien 
be calculated. 

White cell excretion rates greater than ^XliGOO ceUs per hour are 
tegurded as abnormd; rates between 100,000 and 200,000 cells per hour 
are considered of doubtful signifirance, and rates kn than 100,000 odls 
per hour are taken as normal. Raised cell excretion rates ate found in 
acute and (hronic pyelonephritis, acute and chronic glomerulonephritis, 
and hypertension; they are noted occasionally in other systemic diseases 
and sometimes have no detectable cause. In chronic pyelonephrids the 
cell excretion rate may be raised at a time when pathogenic organisms are 
absent from the urine and such a finding points to the silent progression 
of the disease. 

Bacterial Counts.— The results of culture are not alwa]rs clear-cut, 
and in recent years studies of the actual number of bacteria presort in 
otherwise normal but contaminated and infected urines have b^ made. 
Viable counts may be performed other by a pour-plate method or by 
inoculating the surface of media with known volumes of urine. Colony 
counts are made after incubation for 2448 hr. 

When properly taken urine specimens are examined, contamination 
never produces more dian 10* oiganisms per ml. and usually acoounm 
for less than 10* organisms per ml. These counte, inconstant and vary- 
ing from specimen to specimen taken from the same patient, represent 
bacteria from the urethra and external genitalia which have entned tiie 
urine durii^ collection of the specimen. Infected urines contain more 
than 10* organisms per ml., usually more than 10* organisms per ml and 
often up to 10* organisms per ml. These high counts, fairly constuxt in 
serial specimens ^en from the same patient, are the result of bacterial 
multiplication in the urine within the urinary tract 

Significant bacteriuria (counts greater than 10* organisms per ml) 
may sometimes be found, in tiie absence of symptoms or pyuria, m 
patients who subsequently develop clinical symptoms of urinuy ii^sc^ 
tion. Evidence is accumt^ting of an association between asymptomatic 
bacteriuria and pyelonephritis. 

Semi-fflaathatlTe Culture rfUrine 

AltiiOBgh quantitative urine culture yields extra infonnaticm it » 
time-coi»unung and also requires contiderable amountt of lahoratmy 
materials. Consequmttiy, a number of semi-quantitative metiiods have 
been iatrodutsd and the results of these simpMed teohmquesooo^atli 
well with quantitative examinations carried out on the same ^lectmen. 
In the semi-quantitative methods a loop of standard diameter is dunged 
with the uncentrifoged urine and plated-out <m solid media in a standard 
Way (see Mc6«ichie and Keniudy, 1963). After ovnmight inodbaihm 
tbe plate is read and tiie renilts c^ua^ in accordance widi a pm- 
atrangedadunte. There is no reucniriqr a simple method siitli as foia. 
should iMt to used indsagnodk lihontories. ; 
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MENINGITIS 

The clinical signs of memngeal irritation always suggest infection of 
the meninges but they may occur in assodation with certain other acute 
infections not involving the menin^s (meningismus) and they may also 
be seen in patients widi non-infective conditions such as subarad^oid 
haemorrhage. Infants, however, may have meningitis without the usual 
localising signs. Patients suspected of having meningitis should always 
have a specimen of cerebrospinal fluid (CSF) examined in the labora- 
tory. Prompt identification of the causal organism is important because 
un^ an exact bacteriological diagnosis has been made &e proper anti- 
microbial therapy cannot be prescribed. 

Infection with the meningococcus is the most common t 3 ^e of acute 
purulent meningitis in Britain, followed by infections with Hnemophilm 
influenzae (confined to pre-school children, mostly under 3 y^s of age) 
and the pneumococcus. Infection with enterobacteriae (sUmonella, 
coliform organisms) occurs in early infancy. \ 

Specimen Collection 

When cerebro-spinal fluid is obtained by lumbar puncture it is 
essential to take rigorous precautions to prevent the introduction of 
infection. (It is safe to remove 5-10 ml. of CSF as long as intracranial 
pressure is not increased.) The sample is best collected in one or two 
sterile screw-capped containers. Test-tubes with cotton-wqol plugs 
should not be used because if they are shaken or fall over the CSF may 
be absorbed by the plug. The specimen must be dispatched to the 
laboratory at once; delay may result in the death of delicate pathogens 
such as meningococci, the disintegration of leucocytes and the reduction 
in the concentration of sugar in Ae CSF. 

Labo»tory Ezaminatioti 

Appearance. — Normal CSF is clear and colourless. Increase in 
the number of cells, or the presence of many bacteria, makes the fluid 
opalescent or turbid ; fibrinous clots may be seen if the protein content is 
increased. Fresh blood in the CSF is usually the result of local bleeding 
at the site of the lumbar puncture and if a series of samples is collected 
in several containers it may be seen that most of the blood is mixed with 
the fluid which has escaped first. When the CSF is centrifuged, the 
supmxatant fluid will be clear if the hl€bdmg has been r^^ent; if the 
supernatant fluid is yellow Urn indicates that &e bleeding into the CSF 
has taken place at least 12 hours ago and this finding is usually associated 
with subarachnoid haemorrhage. 

CrrojLOOxcAL Examination.-— The number of leucocytes in the 
CSF is enumerated using a white-blood-cdl-count pipette and a 
i^pecial countu^ chamber. Cerebrospinal fluid normally contains 3 or 
hm leucocytes per cu. mm. If the number of odils is increased a film 
centrifuged deposit, stained by Leisfaman’s m^hi^ jdiou ^ 
e xa mine d so that a diffa*entM cdH count can be carried out 
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Xn acute bacterial meningitis diere is a great increase in the ntunber 
of leu<x>cyte8 in the CSF. Up to several thousand cdk por cu. mm, 
a conunon finding and early in the disease almost all of than 
morphs. In tuberculous meningitis there are fewor celb in ^ CSF 
(200-500 per cu. mm.) and lymphocytes predominate, but some poly> 
morphs are usu^y present. Virus infections of die meninges result in an 
“aseptic” type of meningitis; between SO and 1000 cdls p<ar cu, mm. are 
found and they are virtually all lymphocytes. 

Biochemical Examination. — ^Part of the spedmen should be sub- 
mitted for quantitative biochemical estimation of the protein, sugar 
(glucose) and chloride content of the fluid (see p. 568). The Lian^ 
colloidal gold test depends on the relationship between gamma- 
globulins and other protein fractions in the CSR Three abnormal 
types of curve are recognised, the paretic, the luetic and the meningitic. 

Examination for Microorganisms 

Bacteria. — ^The three bacterial species most often responsible for an 
acute purulent meningitis are the meningococcus, the pneumococcus and 
Haemophilus influenzae. These organisms usually reach the meninges 
by way of the blood stream and it is sometimes possible to isolate them 
simultaneously from blood cultures. Meningitis, however, can result 
from the direct spread of bacteria to the meninges from i^ections in 
neighbouring structures such as the middle ear and paranasal or frontal 
sinuses. Bacteria may also gain access to the meninges after careless 
lumbar puncture or from infected neurosurgical wounds. Thus a wide 
variety of organisms including Staphylococcus aureus. Streptococcus 
pyogenes. Pseudomonas pyocyanea, Escherichia coK and anaerobic 
organisms such as Bacteroides species and anaerobic streptococd can 
cause meningitis. Leptospires e.g. L. canicola and Listeria monocyto- 
occasionally cause meningeal infection. Mycobacterium iuberadosis 
produces a less acute form of meningitis. 

The CSF is centrifuged and films are made from the deposit If 
clots are present additional films are prepared by spreadii^ out the 
coagulum on a glass tiide. Films are stained by Gram’s me^od and, 
should a tuberculous iidection be suspected, by the Ziehl-Neelsen 
method as well. It is often possible at this stage to make a provisional 
diagnosis by exammation Of the stained films alone, especially if the 
patient has not received any antibiotics, and this allows the appropmte 
treatment to be given wi^out delay. In tuberculous meningitis a 
prolonged and thorough search of several thidt films is often necessary 
before add- and alcohol-fast badili are discovered. 

The centrihiged deposit is moculated <m to blood md chocolate 
plates tiiat ^e then incubated, aerobiodly, anaerohiodyiy mid in ah 
atmosphere containing 5—10 per cent, carbon dioxide. If bacteria have 
been seen in the stained films a primary sensitivity test should aim be set 
The plates are examined after ovmnight incubatitm, and in mao^ 
cases a good growth of the pathogen wiU have takm place. H(iwefKer,it 
’tny be necesamy to rdncubate tiie plates foi another 24 hr. before 
^tisfactoiy growth is obtained. The organisms isolated on culture are 
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identifiQd in lli^ usual way. If the cultures are sterile Mid if tuberculous 
meningitis is suspected the deposit should be inoculated, without prior 
conccmbiitton, on to slopes of Lowenstein^Jensen me^um and also 
injected into guinea-pigs which are examined after the usual interval of 
4 to 8 wedks. 

When patients are thought to have either meningovascular or 
neurosjrpfailis the standard serological tests for syphiUs diould be 
performed on the CSF. 

Viruses. — ^The viruses that are most often responsible for Aseptic 
meningitis are the entero-viruses (ECHO, Coxsackie and less frequently 
poliomyelitis), the virus of lymphocytic choriomeningitis and herpes 
simplex virus. Aseptic meningitis may also occur as a complication of 
other virus diseases such as mumps (sometimes unassociated With paro- 
titis), chickenpox, measles, infective hepatitis and herpes zoster. 
ECHO and Coxsackie viruses can usually be isolated directlM from the 
CSF. They may also be present in the faeces. A sample of CSF 
should be sent as early as possible and faeces may also be submitted. 
Second samples of both specimens should be sent two or tluee days 
later. If faeces are not available, a rectal swab is a reasonably satisfactory 
alternative. These viruses may also be recovered from throat swabs or 
orophaiyngeal washings but, in the case of the polioviruses, with 
considerably less frequency. Cerebrospinal fluid from cases of aseptic 
meningitis seldom, if ever, contains polioviruses. These materials may 
be held for up to 24 hr. at 0®*-4® C., in a domestic refrigerator, but for 
longer periods they should be preserved frozen at — 30® C. or ip SO per 
cent, glycerol saline. 


Findings in the Cerberosfinal Fluid in Different Types of Meningitis 


Test 

Normal 

Acute Bacterial 
MeningitiB 

Tuberculous 

Meningitis 

Aseptic 

Meningitis 

Appearance 

clear and 
colourless 

turbid 

clear or 
opalescent 

usually clear 

Total protein 

15~40 
mg/100 ml. 

greatly increased 

moderately 

increased 

slightly increased 

Sugar 

50-70 
mg/100 ml. 

greatly reduced 

reduced 

normal 

Chloride 

700-740 
xng/100 ml. 

reduced 

> reduced 

[ 

normid 

Cell count 

0-3 

lymphocytes 
per cu. mm. 

pfreatly 

increased — sU 
polymorphs 

increased — 
mainly lym* 

polymorphs 

'increased— 

lymphocytes 

predominate 

Cuhnreon 

artiieial 

media 

sterile 

causal 

bacterium 

isolated 

j 

Af * tidieriBulom ^ 
isolated 

sterile 
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WOUND INTECnONS 

Wound infections may be endt^mm ot emgenous. Rndognwin na 
infe^ons {auio~mfecthH) are caused by organisms that were IbSNibg a 
commensal existence elsewhere in ^e host’s body; for «^mample 
abdominal surgical wounds may become infected with organisms from 
the large bowel after an opa'ation that has involved indsitm. ef tiie odon. 
In exogenous infections ^e source of the infecting organiMa is outwitii 
the host who becomes infected ; cross-infection is a partici^ar exaacqtle of 
exogenous infet^on where tiie causal organism is spread from person to 
person. Infection may occur after accidental or intnitioiud trauma of 
the skin or other tissues; the latter type is often called “post-operative 
sepsis”. 

Specimen Collection 

Pus or exudate from infected wounds is usually sampled by means (f 
a swab which’ must be well soaked in the exudate (Append 3). A 
specimen of the pus itself is always preferable and may often be obtained 
by using a syringe or pipette to transfer the material to a sterile tube or 
screw-capped bottle. If only a small amount of ecudate is available it 
should be allowed to run into a capillary tube ; after sealing botii ends the 
tube can be sent to the laboratory. Pieces of tissue removed at operation, 
or curettings from infected sinuses and other tissues are sometimes sent 
for bacteriological examination: th^e specimens are homogenised in a 
tissue grinder with a little broth and subsequently treated in the same 
way as exudates. Delay in the transit of specimens to the laboratory 
must be avoided, especially in the case of swabs where the exudate may 
dry into the cotton-wool. 

Laboratory Examinatiwi 

The pus should, if possible, be examined for any unusual features 
such as granules which are characteristic of some forms of actinomycotic 
infection. If granules are present they can easily be separated by abating 
up the pus with water in a test-tube, allowing them to sediment and 
collecting them in a capillary pipette. The granules are then crusted to 
make films and inoculated on to culture media. 

Direct Films. — Films made from pus may be oi value, l^ey are 
stained by Gram’s method and, if indicated, by the Zidil-Nedteai 
method. It is difficult, however, to make good fij^ from swabs, and 
quite impossible if the swab is dry. To avoid contaminaticm, t^er the 
swab must be rubbed on to the surface of a sterile slide or the smear: 
made after all tiie culture media have been inoculated; the htbes pm^' 
cedure is usually followed and a poor film, not rqpreseQtative of llus 
actual exudate, is often the result. Ihe examinatkm fji material on 
swabs for mycobacteria is almost always unsatisfactory. 

In good film** made from the exudate, polymorphs in various stages 
of disintegration will be seen with bacteria one or more types. Gram- 
positive branching filaments suggest actinmnycosis, and the demonstra- 
tion of Mid- and alocffiol-fast badlli indicams a tuberculoiM tofectum. 
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CuLTCRE.'-rA lat^ nun^bo: of aerobic md anawobic bacS^, 
occurrii^ dtber sin^y or in combination, are involved in wound infec* 
tions. llie commonest pyogens are 

phenes and anaerol^ streptococci, ooliform badlli such as %du colt 
and PnOem spp. and Pseudomoms pyocyattea. Among other roecies 
more rarely encountered are Pasteurella septiea (from animsd bites), 
Corynebacterium diphiheriae (in wound diphtheria) and BacUba anthrads 
( malignant pustule). In loi^-standing infections that are slow to heal, 
and in pus showing no other microorganisms the possibility of infection 
due to Mycobacterium tuberculosis and Actinomyces israelii must be 
considered. Anaerobic organisms, in particular clostridia (notably Cl. 
toeklm), Bacteroides spp. and anaerobic streptococci may be very 
important in wound infections, especially in abdominal wounds, trau- 
matic wounds and wherever devitalised tissues provide suitably 
anaerobic conditions. Infection with aerobic bacteria may encourage 
the growth of clostridial pathc^ens, leading to tetanus andlgas gan- 
grene. \ 

The swab or the exudate is inoculated on to two blood a^ plates, 
one for aerobic, the other for anaerobic incubation, and also into a tube 
of Robertson’s cooked meat broth. In addition some bacteriologists 
inoculate special media such as MacConkey’s medium (to facilitate the 
differentiation of coliform organisms), double strength (4 per cent.) agar 
(to inhibit the swarming of Proteus spp. and so make possible the more 
rapid isolation of other pathogens present), crystal violet blood agar (to 
assist the separation of Streptococcus pyogenes in mixed infectiofis), and 
neomycin e^-yolk agar (for the rapid identification of Cl. toelchu). 

Primary sensitivity tests are usually carried out on the diagnostic 
plates and the disks used have the added advantage of providing areas on 
the plates that are locally selective for certain species, thus fadlitatmg 
their isolation and identification. Neomycin disks, each containing 
100 jug., are particularly useful in this respect for the isolation of 
clostridia on anaerobic media. 

The culture plates are examined after overnight incubation. Should 
there be growth in the cooked meat broth but no growth on the solid 
media the broth must be subcultured aerobically and anaerobically. 

Pure or mixed growths of pathogens are reported along with the 
results of the m vitro sensitivity tests; if the primary sensitivity plate 
cannot be read with certainty a secondary sensitivity test is set op 
using the isolated organism in pure culture as inoculum. Scanty 
growths of skin commensal organisms sudi as Staphylococcus albus and 
diphtheroids are usually disregarded, as are growth likely to be due to 
extraneous contaminants, e.g. zfeto colonic of Esch. coU isolated from a 
perineal wotmd. Stunetimes the significance of the growth is diffioilt to 
assess but the problem can often be resolved by examining a further 
ouefully taken specimen from the lesion. 

U there is no growth after 24 hr., the culture plates and the codEcd- 
meat broth are rdincubated for anotiior 24 hr.; n the cultures are afiU 
stea^ tiiey may be discarded, unless &ere is an indication for a fiatber 
pdiod of incubiUum befme finally conduding that'no growth wifi 
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pUoe, in slow-growing ftadiogens sodi as .^oCsnmxj^ 

isrediL 

If tuberculotts infection is suspected and if the pus lu» luM: |dwded 
any growth on oijclinary culture media, it may be possible to use the pus 
as inoculum for Lowenstein-Jensen or similar medium and for injecmig 
into guin«i-pigs. If the pus is viscid, or if mdinary culture has shown 
it to contain other or^misms, it must be treated before tfaese.hi^er 
investigations can be undertaken. 


GENITAL TRACT INTECTIONS 

Infection of the upper part of the female genital tract (salpingitis and 
oophoritis) may be part of a generalised infection or it may be localised, 
but in either case bacteriological diagnosis by examination of specimens 
obtained from the accessible lower tract is rarely possible. 

Acute infections in the female are fairly common after delivery, e.g. 
puerperal sepsis or septic abortion. Acute cervicitis also occurs in non- 
pregnant women and some cases are venereal in origin. Where possible, 
cervical swabs should be taken with the aid of a speculum under direct 
vision but more frequently only a high vaginal swab is taken and this 
makes bacteriological diagnosis more difficult because of the presence of 
a complicated vaginal conunensal flora which is variable and poorly 
classified. 

Acute and chronic vaginitis and vulvo-vaginitis may be due to a 
variety of causes and many organisms may be responsibte. Aoite 
vaginitis due to Trichomonas vaginalis and vaginal thrush (particularly in 
pregnant women) are the most important infections. Exudate can be 
readily obtained by swabbing and direct smears made on slides for 
microscopic examination: or ocudate may be collected by pipette or 
spoon for wet films. 

In the male, acute urethritis and prostatitis are fairly cmnmon; many 
cases have a venereal origin. 

Direct Films. — ^The discharge from female patients with leitcer- 
rhoea should be examined by direct microscopy (‘Svet film”) f@t llie 
presence of Trichomonas vagmaUs as soon as possible aftm: it has been 
obtained from the patient Gram-stained smears of the discharge dmw 
the presence of inflammatory cells and in vaginal candidiasis 'feasts” are 
^n, but the morphology of the other flora present is not suffim^lly 
characteristic to allow further diflerenliation from the commensal 

The mittoscopic diagnoab of acute gonhorroeal infectsom reqpflr^ 
utvestigptkm of smears made from dm cervix, urethral exudate doA 
Bartholin’s glands. 

In dm n^ urethral disc^ai^ is leas Ukdy to be omuanmatod'with 
organisms frcnn die perineum thim in the female although it dsstfld be 
t^embraed thm ^e distal urethra dow possess a oonmmUMiiftmi dF 
^phthmiid bacilli, streptococci and aSnu and the psasence of 

^Bese bacteria is unlikefy to be related to infectum. Infeohm df 
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^to$tate gland is ftequeatly xmcult to diagnose; tf lliere » no unssthwi 
dischaige prostatic massage may provide exudate for examination. 

The examination of a chancre requires carefiil collection of exudate 
and prqiaration for dark-^ld microscopy (Chapter 2^). 

Culture. — ^Vaginal, cervical, urethral and gl^d exudates must be 
cultured on as wide a rai^ of media as is practicable. For the gono- 
coccus, blood and chocolate t^ar should be inoculated and incubated in 
5 per cent, carbon dioxide; this may be obviated if a medium containing 
mudn is us«l. If there is a delay in transit to the laboratory, transport 
media should be used. 

The presence of well defined pathogens not normally found in the 
genital tract, e.g. Streptococcus ^ogetus, even in small numbers, is 
probably significant of infection; o^ers such as Staph. aureuL anaerobic 
streptococci and Esch. coU if present in considerable numbem are likely 
to be significant but the presence of other organisms closely lesembling 
the normal flora of the female tract is difficult to assess in most cases. 


CONJUNCTIVAL INFECTIONS 

A variety of bacteria may produce acute conjunctivitis. The 
goiu}coccus produces severe opbt^lmia neonatorum and Staph, aureus 
is a common cause of “sticky eye” in newborn babies in maternity 
hospitals. Pneumococcus, Haemophilus influenxae (Koch-Weeks 
badUus) and Moraxella lacunata are other common infecting species. 
Certain adenoviruses and other viruses produce conjrmctivitis together 
with an upper respiratory infection, and the TRIG, viruses (p. 483) 
cause acute and chronic infections, e.g. inclusion blennorrhoea and 
tradioma. Severe infections with Ps. pyocyanea have followed the use of 
contaminated “eye-drops”. 

IHirulent exudate from an inflamed conjunctiva should be treated as 
pus. Direct microscopy frequently shows microorganisms and a pre- 
sumptive diagnosis can then be made: this is particularly impmtant in 
the early detection of gonococcal opthalmia. Snudl numbers of Gram- 
positive coed, small Gram-negative bacilli or Gram-positive badUi may 
indicatenomore than the normal commensal flora but the pneumococcus, 

S occuB, Haemopiulus spp., moraxella. Staph, aurmts and ooliform 
may be seen in numbers suffidenrto suggest a di^osu. The 
cuteures must always be incubated in the presence of carlxm dioxide. 

■ In many cases there is a minimmn of emdate and dh^mo^ ^ 
fadlitated by the inoculation of media and the preparation raaearslur 
direct miaroBcopy at the bedside. For this purpose a platinum loop 
(diameter 1 mm.) and dc^>e8 of chocolate in 1-oz. screw-ctqiped 
bottles are uaeftih ^ 

hlany cases df cm^unctival inflammatitm are not bacterial in ori^n 

and Rttmition.imist be directed towards the demonstia:fioa<d viruses io 

inataiKMs. Material taken with a phduum loop ton the 
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junctiva isFpeewiaadMies, stained whl^Gieaisa’satamandexaaaiiiedlgt 
indusion bodies. 


riBESlK OF UNCmTAlN ORIGIN 

Patients who have a significant and persistent fever (greatw than 
[00’’ F.),^ the cause of which cannot be readily diagnosed on dinicat 
sxanunation, are classified as having a ’'pyrexia of uneeitdn. (ffigin** 
PUO). Many such cases are due to infection and thm diagnosis will 
lepend upon the employment of any mediods to demonstrate ^ 
)resence of a spedfic pathogen in the tissues; thus while every ^fmrt 
nust be made to recover the causative organism, recourse to indirect 
nethods of diagnosis must also be made, particularly serological methods 
:o demonstrate the presence of spedfic antibody. Further, it is 
requently necessary to repeat examinations a number of times since 
legative results do not alwa3r3 exdude the possibility of infection. 

The procedure to be followed is usually along the following lines: 

1) Examination of the ffiood 

(a) Blood Films. — ^Direct films of the patient’s blood should be 
jrepared and examined to exclude the presence of drculating parasites 
mch as plasmodia; this examination will also indicate the white cell 
picture of the peripheral blood and this information may be a hdp in 
iiagnosis. 

(b) Blood Culture. — This should be carried out on several 
iccasions each day or on successive days. In cases of bacteraemia such 
IS subacute bacterial endocarditis the number of organisms in the blood 
may be very small; to increase the chance of their recovery a series of 
:ultures over a period of several hours should be taken. The presence of 
antibacterial agents increases the difficulty of recovering the causative 
srganism and, with the exceptions of benzylpenidllin and sulphima- 
mides, ffieir inhibitory effects can best be countered by dilution of the 
blood. 

(c) Animal Inoculation. — ^In some infections, e.g. lepto^irosis, 
bnicellosis and rickettsial diseases, animal inoculation carried out with 
freshly drawn blood may be more successful than attempts at culture in 
aitifid^ media. 

( d ) Examination of the Serum.— Part of the blood drawn fm: blood 
culture may be set aside and allowed to dot and the smtm lued fw 
antibody studies. Serological studies should be done at intoralsi^ 5-10 
days during the acute pkise of ffie disease and lata? durii^ the ctmvat 
iescent stages. This allows demonstration of any rise or in 
amount antibody; the unequivocal interpretation of a sin^ te»di » 
often impoMible. Examinations should always be made for antibodks to 
the enteric group of salmonellae (Wldsl test) and the brucefia sphriss.^ 

It may ^ necessary to cany out as n»ny tests as the is 

>ble to perform, in winch case fairly large quuitities of secnm will he 
required (up to 10 ml.). If posrible, indicriion of the most Idtdy causae 
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of the infection is helpfnl a® this will direct attention to a more liimted 
number of tests. 

(2) Eammination of the Urine 

Routine examination should be carried out to exclude infection of 
the urinary tract and it should be remembered that urinary tract 
pathogens such as Esck. coU may be present only on intermittent 
occasions in chronic pyelonephritis. Occasionally Salmonella spp. can 
be isolated from the urine. 

In genito-urinary tuberculosis p3niria is usually present and Myco. 
tuberculosis may be seen after centrifugation and staining of the urine 
deposit; in leptospirosis, leptospires may be demonstrate by dark 
field examinations of the fresh urine. 

Repeated examinations may be necessary. 

(3) Examination of Faeces 

This should be carried out particularly for organisms of the enteric 
and dysentery groups and for other causes of intestinal disease, mcluding 
protozoa and the ova of helminths. In suspected virus infections it is 
advisable to match isolation of a virus with rises in the homologous anti- 
body litre of the serum. 

(4) Examination of Tissues 

Biopsy of tissue such as a lymph gland may be carried out. The 
tissue is best cultured, e.g. for M. tuberculosis^ after grinding it in a 
homogeniser or tissue blender. It is essential to avoid contamination, 
especially when fluid cultures are used for the cultivation of the patho- 
gens. 

(5) Examination of Odier Body Fluids 

Other body fluids should be examined microscopically and by 
culture if clinical signs or symptoms indicate this. Aspiration of secre- 
tions such as bile may be advisable to confirm suspected infection of the 
gall-bladder, liver or biliary passages, cerebrospinal fluid in meningitis 
and bone marrow in enteric fever. 

(6) Skin Tests 

In a number of subacute and chronic infections, hypersensitivity to 
the constituents of the causative organisin develops. The inoculation of 
small quantities of suitable preparations of these bacterial products, eg* 
tuberculin, brucellin, the Frei antigen, results in a localised delayed-type 
hypersensitivity reaction at the site of inoculation in patients with present 
or past infection. The results of such tests may be helpful in making a 
diagnosis. 


POXVIRUS INFECTIONS 

VipiOLA: Vaccinu: Cowpox: VA»iC0ULA.~The tests used for tb^ 
infections are both rapid and sensitive, so that within 48 hr. of collection 
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of ^ material dte labtMr^ry caamakeat least a piovudo&id,<liagnoria of 
variola. It is of riie utmost importance to onploy these tests when i^e 
is even riie slightest possibility of smallpox and they may give vtd^ble 
information in many atypical or unusu^y severe cases of chidtenpox. 
They may also be used in the investigation of vacdnial lesions and in 
Kaposi’s varicelliform dermatitis. 

An essential precaution for the worker who collects ot handles 
material from suspect cases of smallpox is that he shotdd l^ve been 
satisfactorily vaccinated during the preceding twelve modths. %>eci- 
mens must be taken from the patient at as early a stage of die disease 
as possible and for this purpose the following apparatus is required: 
six well-deaned, grease-free slides, a scalpel or neeme, forceps, three to 
four capillary tubes, throat swabs, a sorew-capped vial, ether, a spirit 
lamp, and suitable wooden boxes in which to transmit the specimens by 
post. The variola-vaccinia group of viruses are stable at atmospheric 
temperatures especially in dried material protected from sunli^t, and 
are thus an exception to the rule that precludes the despatch of such 
material by post. The following specimens are required: 

1. Pre-emptive or viraemic stage. A sample of 5-8 ml. of whole 
blood should be taken at the first indication of illness in all persons 
known to have been in contact with a case of smallpox. 

2. Maculo-papular stage. Clean the site of the lesion with eth^* 
specially if any ointment has been applied. Scrape six or more of 
lesions and transfer the material to the slides making a minimum of six 
reasonably thick films. Dry the films in air; do not heat them. 

3. Vesicular stage. Collect vesicle fluid from several intact vesicles 
into capillary tubes and seal the ends of the tubes in a flame. If this is 
not possible take up material from the lesions on throat swabs and also 
make smears on slides from scrapings from the bases of the lesions. 

4. Pustular or cmsted stage. Remove 4-6 crusts with forceps and 
place them in the screw-capped bottle. 

Send all the specimens together with the needle or scalpel blade U8«l 
without delay to the laboratory. 

The tests used vrill dififerentiate variola from vaccinia and cowpotx, 
and all three from varicella and herpes simplex. The distinctm 
between variola and vacdnia is, however, a matter of some diffictdty and 
depends largely on the appearance of the lesions produced by the two 
viruses' on the chorio-allantoic membrane. 

Serological tests for antibodies seldom give infmmatkm in tirae to 
be of use in the early diagnosis of smallpox; Utm main value is in 
estabUriiing frie nature of the infection in retro^>ect. VHhen, however, 
the hypersensitive state has been established by vaodnarion in ^ piai^ 
ittfection with the variola virus occasions an accelerated outpouru^^Ol 
antibodies. Ihe demonsttation of a rapid increase in the amoteg of 
antibody in these circumstances may give valuable diagnostic inforiha-' 
hon, in cases of su8|>ect^ smallpox where a small number of hauka has 
^aped (Observation and no material has been taken for virus identifica- 
^^^otincuxiofvanokitateen^Hone. If the patient has been recently 
vaccinated it will, however, not be possible to demonstrate a significant 
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rise in antibody titre. Paiml samples d sera are required togeth^ i^rith 
full information of the vaccinaticm history of the patient. 


INFLUENZAL INFECTIONS 

During the first 2-3 days of the acute phase of an ^‘influenzal” illness 
the patient is instructed to cough vigorously and then to gargle im- 
mediately with five ml. of normal saline. The contents of the mouth are 
expectorated into a 1 oz. wide-necked screw-capped vial containing 2 ml. 
of medium 199 with added antibiotics. In the case of young children 
who cannot gargle a well-taken throat swab is satisfactory.! The speci- 
men is placed at once in the freezing coils of a refrigerator. For 
transport to the laboratory it can be placed in a jar surrounded by an ice 
and salt mixture or preferably in a special insulated box in Which it is 
covered with fragments of solid COg (—70® C.). An importi^nt excep- 
tion to this procedure is needed when infection with die respiratory 
S3mcytial virus is suspected because this virus is inactivated by tempera- 
tures around 0® C, In this case the specimen should be sent very 
rapidly to the laboratory unfrozen. It is improbable that virus will be 
isolated from the patient after the third day of the illness. 

It is convenient to take the first sample of blood (5-10 ml.) at the 
same time as the throat washings. A second sample of blood 4 required 
10-16 days later. On no account must either sample of blood be frozen. 

In fa^ cases the autopsy should be performed with minimal delay 
and specimens of lung tissue involved in areas of consolidation or 
congestion should be frozen and sent without delay to the laboratory. 

The influenza viruses A, B & C, the four para-influenza viruses, the 
adenoviruses, the respiratory syncy^ virus, and the rhinoviruses can be 
isolated by ^e inoculation of tissue cultures. In addition influenza 
viruses A, B and C can be isolated by the inoculation of the amniotic 
cavity of the developii^ chick embryo. The best conditions for the 
growA of the virus, e.g. the most suitable tissue culture cells and the 
optimum temperature are given in the chapters referring to each of the 
ii^vidual viruses. Chapter 57 gives details of the techniques required. 

Paired sera are examined by complement-fixation or haemagglutina- 
tion inhibition with the following antigens: influenza A, B & C, para* 
influenza 1, 2 & 3, adenovirus, respiratory syncytial Virus, psittacosis, 
etc. (see Chapter 54). A four-fold or greater rise in antibody titre 
between the acute and convalescent sera is accepted as indicating recent 
infection. 
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CONTAINERS AND SWABS BOR IRE COIXECRON OF 
SPECIMENS 

SpecimenB for bacteriolo|;ical investigation shouM be forwardedili soon sis 
) 08 sible to the laboratory m robust, leak^proof^ sterile contiihers. It is 
essential that each container should bear the name oi the patkiit from lirhom 
he specimen is submitted and the accompanying form should be accurately 
x)mpleted. Rdevant clinical data must indicate ^e pn^able clinical diag- 
losis, inform^on regarding recent or current chemotherapy and, especially if 
i serological investigation is required, relevant details of previous immunisa** 
ion should be given. 

Glass Tub^ and Universal Containers. — ^These are suitable for sub- 
mission of specimens of exudate, pus, blood, cerebrospinal fluid, urine and 
Faeces. Strong glass test-tubes, 4x in., with rubber bungs or bark corks, 
may be used. They should be steriHsed in the autoclave with the bungs or 
corks loosely fitted and thereafter pressed in. Tubes with baric corks may be 
sterilised in the hot-air oven. 

The screw-capped bottle known as a universal container is recommended; 
it consists of a strong moulded glass bottle, 3^ in. faighx 1^ in. diameter, 
capacity 1 oz. (28 ml.), with a flat base and wide mouth. These bottles ate 
supplied already cleaned and capped in 1-gross boxes. They are sterilisol by 
autoclaving with the caps loosely screwed on; after sterilisation the caps are 
tightened. They cannot be sterilised in the hot-air oven, as the rubber 
washers will not withstand the temperature. 

The screw-capped universal container has many advantages over the gia^ 
tube. It is stronger, and the screw ciq> keeps the mouth of die container 
sterile whereas dust collects at the rim of a stoppered tube. The contents of a 
universal container cannot leak or become contaminated and, as it is quite 
stable on its base, it is particularly convenient when specimens are taken at the 
bedside. 

For the collection of serous fluids, £,g. pleural fluid, the universal 
tainer is suitable. The addition of 0«3 mL of a 2flper cent, solution of sodium 
citrate to the container prior to autoclaving (wim the cq> fitted) is recom*- 
mended for the collection of fluids that may coagulate on standing. Tim 
avoids difficulty in performing cdl counts or centrifugii^ procedures with 
such fluids. 

Blood may be submitted in a universal container but a small quantity for 
serological investigation is more conveniently sent in a sterile glass tube fitted 
>rith a rubber bung. The blood dot may be cultured in seldrtive meffiiim, 
s.;. for enteric organisms. Blood intended primarily for blood oidtuie alioitlid 
be submitted in a special blood cultute borne. 

ForihecoUectionof/nscer, a small sqwt boiateof abai:^2 oi.cap8city,^or^ 
glass specimen tube 2 in. x 1 in., fitted vim a bark cork in wfaidk a hnafl mfM 
spoon Is fixed, is sometimes used. Such contamem have die disadvanti^l^ 
^y fermentation of the faeces tends to blow out the cbrik and cause of 

contents. The ooiks have to be discarded after use. The 8hoiilder:on the 
botde makes deaning diflEwult. 

For smdl quantities of faeces the umversai container is xeooiiimeDded. 

small qxion made tj £ tin plate 3|x| am may he induded in dm container 
prior to stei^atimi. A pcNction m fseom is taken up m tim iqpooa and 
2o 
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wbxJe dropped into die container and the cap acrewed on. Aftamatividy, , 
wide-moutii 2»oz, screw-capped jar, known as a ^^pcwnadc pot , ts used aad 
the faeces taken up in small cardboard spoons (such as arc used for ice-cream 
cartons). These containers may be transmitted to the laboratory by post, die 
packi^ labelled "Pathological Specimen**. 

"V^en there is likely to be a delay of some hours before laboratory cultiva- 
don can be carried out, neutral glycerol-saline should be added to the faeces. 

For small quantities of urine, e,g. for the diagnosis of most cases of urinary 
tract infection, the universal container is used (but see p. 563). For larger 
quantities, e.g. complete early morning specimens, 20-oz. screw-capped bottles 
are convenient. 

Waxed Cardboakd Cartons. — For the collection of sputum and faeces 
when the specimen is not to be sent by post, screw-capped waxed cardboard 
cartons of 2 oz, capacity (such as are used for cream and ice-creamn are suitable. 
After the specimen has been examined in the laboratory the carton and 
contents are burned. Because of postal regulations the waxed carton cannot 
be sent through the post. Disposable aluminium containers (2 ini in diameter 
by 1 in. deep) are now available; they cost about 3d. each, can be dispatched 
by post, and are suitable for the collection of specimens of faeces^r sputum. 
They should be destroyed in a furnace after use. ^ 

Swabs. — swab usually consists of a piece of aluminium or tinned iron 
wire, 15 gauge and 6 in. long. One end is made rough for about J in. by 
squeezing it in a small metal vice or cutting edge of pliers. Around tins end a 
tfam pledget of absorbent cotton- wool is tighdy wrapped for about f in. The 
wire is placed in a narrow thick-walled test-tube, 5 in. x | in., and the top of 
the tube is plumed with cotton-wool. Alternatively, and where swabs have to 
be sent by post, the wire should be in. long and the top inserted Jnto a bark 
cork which stoppers the tube. The tube with swab should be sterilised in the 
autoclave and not in the hot-air oven, as in the latter the wool may char and 
give rise to tar-like products which may be inimical to bacteria on the swab. 
It is important to autoclave cork-storoered tubes with the cork loose and to 
press in the cork after sterilisation. Tubes plugged with cotton wool should 
be dried after autoclaving. 

Instead of wire, swabs may be prepared from thin wooden sticks 6| in. 
long that are specially made for the purpose, and are known as "Peertos*' 
wooden applicators. A cotton-wool pledget is wrapped round one end as 
above, and the tube is plugged with cotton-wool. They cannot be used 
ccmveniently with a bark cork, but have the advantage that the stick can be 
brcdcen off short when the swab has to be placed in transport me<£uin in a 
screw-capped container. 

When taking specimens from babies and young children it is often 
necessary to emptoy a very fine swab so that sm^ oilSces, such as the aural 
meatus, nm be negotiated without gross xontamination from the external 
surfaces. These are made in the same way as the swabs described above but 
with fine rmd wire such as that supplied as ENT probes by George Stone 
and Son, 35 High Park Street, Liverpool 8. To avoid damage to the tissues, 
the end of the wire should be fused in a Bunsen flame before fixing a tiny 
|dedget of cotton wool to it. 

Swabs are vary useful for taking specimens from: 

(fi) Throat: in cases of suspected diphtheria, tonsillitis, etc. 

(6) Wounds, discharging ears, or surgical conditioiis, a.g. fistula, sinus, 
Some tte purulent material is taken up on the cottm wool 
(4 Post-nassl or naso*^pliatyng^ iq>ace: Idt Ijbui purpose Ihe 
U through an an|^ of 45 degrees, and in use is itjierted iWldnd 
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palate. jpwcedare k useful for obtaining spedmens from saapeeted 

meningococcal cainm and for ^ early diai^oua of wbooffotg-coug^ , 

For the diagn^ of whoof^-cough a “pemaaal” awd) may bi «e 3 i<> 
veniently used: this is nuufo from 7 in. of flerible copper wire <x nidboiae 
SWG 25 (0*51 mm. (fiameter), tbe terminal ^ in. bdi^; bent back to take tlie 
pledget m cotbsn-wool, a very thin layer of which is wound firmly round it. 
The swab is contained in a fix i in. test-tube plugged witfi cottcfflhwooi !%• 
gwab is passed gently back from one nostril, along ibe floor of the nawl cavi^ 
until it reaches the posterior wall of the nasophia^mx, rotated gcmtly and it n 
then withdrawn. 

(d) Rectum: rectal swabs are very useful in bacillary dysentery cases 
or contacts, especially in young children. 

(e) Cervix uteri: in gonorrhora and puerperal infections. A longer wire* 
9 in., is preferable for these specimens. 

\^ere some time may elapse before the swab is examined and espedally 
where delicate pathogens are concerned, e.g. meningococcus or Bard, pertussis^ 
it is advant^ous to place about ^ in. of s^e-agar (2 per cent, of agar in 0-^ 
per cent sodium chloride solution) at the bottom of the swab tube. This is 
done before the swab is sterilised. A bark cork is used as a stopper and the 
wire pushed through the cork so that the cotton-wool is clear oi the agar. 
After the specimen has been taken, the swab is inserted into the tube and the 
wire pushed down until the cotton-wool pledget is in contact with the salme 

A special metiiod for preserving the vufoili^ of the gonococcus in swabs is 
descried in Chapter 47. The problem of bacterial surviml is not confined to 
the Neisseria, since slow-drying is known to be lethal to most bacterial species. 
Transport media for various species are described in Chapter 47. Rubbo and 
Benjamin (1951), as a result of their comparative findings with many diffeiem 
pathogens, recommend the use of a serum-coated cotton-wool swab to prolo^ 
viability. The swabs are prepared by dipping the cotton-wool on a woodra 
applicator into undiluted ox serum for 10-30 sec., spreading them out on 
sheets of blotting-paper, drjdng in an incubator at 37^ C. for abmtt half an 
hour, and finally sterilising in the autoclave at 121° C. for 20 min. The 
finished product is a compact honey-coloured pledget, 3-5 mm. in diameter, 
in which the cotton-wool fibres are firmly bound to each other and to the 
applicator. Clinicians may need to be warned about tim unusual afmeannce 
of these swabs so that they will not think th^ have already bemius^ For a 
more detailed account of swabs and swabbing methods see Cruickshank (1953). 
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POSTAL REGULAUCmS 

The I^>8tmastei^‘-Gen«ral has laid down the fdlowing instructioas foi 
Boidingpadiological mateiM through the post and these diould be tigorousl] 
observed: 

“ABTiass SENT tfOL Medical ^uaonXtion or ANALTSis.*-Deleterioui 
liquids or substances, though otherwise prohibited from transmission by post 
may be sent for m^cal examiiurtion or analym to a recognised Me^ca 
LaWatory or Institute, whether or not belonging to a Public malth Authority 
or to a qualified Medictd Practitioner or Veterinary Surgeon within tiie Unitec 
Kingdom, by letter post, and on no account by pared post, under ^ foSowinj 
conmtion: 

“Any sucdi liquid or substance must be enclosed in a hermetic 

ally sealed or otherwise securdy closed, which receptacle murt ii if be placec 
in a strong wooden, leather or metal case in such a way tiut it lot shif 
about, and with a sufficient quantity of some absorbent material (sbeh as saw 
dust or cotton-wool) so pad^ about the receptacle as absolutdy to preven 
any possible leakage from tiie package in ffie event of damage to the receptacle 
The packet so made up must be conspicuously marked ‘Fragile with care* anc 
bear the words ‘Pathological Specimen*. 

“Any packet of tire kmd found in the parcel post, or found in the letter p<» 
not packed and marked as directed, will m at once stopped and destroyed witi 
all its wrapping and enclosures. Further, any person who sends by post 
deleterious liquid or substance for medical mEamination or analysiR otiierwis 
tiian as provided by these regulations is liable to prosecution. 

“If receptacles are supplied by a Laboratory or Institute, they should b 
submitted to the Secretary, General Post Office, in order to ascertain whethe 
they are rmrded as complying with the regulations.** 

Tlie fo&wing receptacles have been approved by the Postmaster-Goieral 

For universal containers, media bottles and 2-oz. pots, a leatherboan 
box, internal size 4} in. x 21 in. x 1{ in. deep with metal-bound e(^ ani 
foU-deplh lid, is used. The g^ass conttiner is wrapped in a piece of cdSulos 
tissue, 19 in. x4| in., and then fits securely in the box wdiich is placed in 
sloped flimnwd envel^ having a tag for the postage stamps. 

Swims or cultures in tubes are wrapped in cellulose tissue and placed ii 
hinged metal boxes having rounded comers, size 6^ in. loiw, 2\ in. wide am 
1 in. deq>. Leatherboard boxes with metal-bound edges of the same aze ar 
also permitted. These are placed in stout manilla envelopes which have a ta, 
at the end for the postage stamps. 

For the 8-oz. ^ts and the 1-lb. jars, a-Iarger piece of cdluloee tissue i 
requirwl, while the leatherboard box is simiw in constructimi to the on 
mentioned above and large enough to take these recqitacles. 

Gummed labels printed with the name and address of the ywr^ry am 
the information required by the Post Office Regulations ate c^ten issued b 
laboratories when sending mit the postal materials. 
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APPENDIX 3 

docomentahon of specimens in hie laboratory 

Spedmens should be dealt with as expeditiously as pw^le after arrival 
at the laborasoi^, and efforts to ddiver the material rt^klly from the patient 
must not be vitiated by unnecessary delays consequent upon spedmens l^rmg 
about unattended. Ureat care must be taken to identify t^pedmeos and 
request forn» on arrival at the laboratory so that when thdr iKute separatiem 
occurs no nustake wih arise: this is best carried out by hMnag a responnble 
person label all specimens and corresponding forms with a duplicate serial 
number. For tms purpose serial numbers printed on gummed pa^, in 
duplicate, triplicate, etc., may be purchased; these are also useful for identi- 
fying tubes and cdture plates that are used for the examination of the 
specimen. Different cobuts and prefixes may be usefully employed to dis- 
tinguish different types of specimen or series of examinations and this facili- 
tates record k^ii^ and identification, e.g. T for tuberculosis, U for urine 
examinatiouL These serial numbers can be used for chronological derldng of 
spedmens which serves as a cross reference system to an alphabetic^ fiUng 
system. 

In most cases it is valuable to examine and report on each spedmoi in the 
light of previous knovriet^^ of the patient The information .given by 
practitioners on bacteriolc^cal request forms is not usually suffident jfor tiiis 
and it is preferable to have the results of previous bacteriological examination 
available in each case. This can be done by filing the results of all examina- 
tions on a card for each patient; it is more informative uid less time consuming 
if aU laboratory findings are recorded on the reverse side of each request fonti 
and to file this in a smiw envdope or folder for each patient along with a copy 
of the report issued. This occupies less filing space. The cobur of the 
folders may be changed at six month intervals and one year’s work is kept 
readily available. At the end of each six month period iues more titan oat 
year old are removed for ston^ and later destroyed. 

As each specimen arrives at the laboratory, the file for the patient is mth- 
drawn and it accompanies the specimen timnighout its examinatiim; in tlra 
way the bacteriologist may direct his examination and interpret his findings in 
the light of all the prevbus reports. 
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Crusts or scrspings Crom bases Frozen, 
of lesions on slicles. 

Skin or brain fran autopsy. In glycerol saline 

and frozen. 
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The Laboeatory Diagnosis of Virus Infections of Man — continued . 
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CHAPTERS 

PROFHIXACTIC IMMUNISATION 


In receait years there has developed an increasing interest in the role of 
immunisation in the control of communicable diseases. Thtt fresh 
interest in immunisation probably derives from a number of contributory 
frmtors, e.g. the dramatic success of national programmes for the control 
of diphtheria by immunisation; the publicity given to large-scale cam- 
paigns for the control of diphteria, tuberculosis and poliomyelitis by 
prophylactic vaccines; the wider knowledge made available through 
international bodies like WHO of the prevalence and economic impor- 
tance of communicable diseases in developing countries; me need for 
protection against the introduction of quarantinable disea^ like small- 
pox and yellow fever; and the growing realisation that treatment with 
antimicrobial drugs has definite limitations and disadvantag 


The Rationale of Immunisation 

The objective of immunisation is to produce, without harm to the 
recipient, a degree of resistance as great as, or greater than, that which 
follows a clini^ attack of the natural infection. With this objective in 
mind, those communicable or infectious diseases amenable to control by 
vaccination may be considered in four main groups; toxic, acute bac- 
terial, chronic bacterial, viral and rickettsial infections. In the first 
group, e.g. diphtheria and tetanus, the brunt of the infection is due to a 
specie poison or toxin which can be purified artificially, rendered hap- 
less by treatment with formalin (=toxoid) and used as a very effective 
antigen or prophylactic, particularly if it is adsorbed on to a mineral 
carrier, e.g. aluminium hydroxide or aluminium phosphate. (These 
alum salts are tissue irritants and therefore should be used in the low^ 
concentration required for an adjuvant action.) The potency of toxoid 
antigens can be measured and standardised wi^ great accuracy, and the 
amount of antitoxin that is produced in the inoculated person gives a 
reliable indication of the d^ee of resistance to infection in fhat 
individual. 

AnKmg the acute bacterial infections Biere are two categ^n as ftf as 
immunisation procedures are concerned: (a) pyogenic infec^os 
(i^hjdoooocal, streptococcal and pneumococcal) against wiuch vaccines 
are laigdiy ineffective, 8ino||||cbere are many diffnent antigenic types 
withm the species, e.g. pnei^coccus type 1, 2, 3, etc., so that m io^' 
tim (or immimisation) with one type does not protect i^ainst infection 
vri& odm* types; (b) infections like whooping-coug^ chdera, plagne 
and aariuax, vriMre there is one antigentc type of orguiinn, so * 
vacase prepared widi infecting organiun m^t be expected to 
a rcaedaable degree d protection. Howeva, these mgimiaffis eoa^ 
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any different antigenic componeiits, of wbidi probably only one ox taro 
particulatiy coMcrned with the v^ence of the organism. It » 
important to txy to identify and certainly to preserve these stxalled 
“protective antigens*^ in vaccine preparatmns. 

Another diffiodty b tiiat in iMcterialinf ections whooping-^coa^ 

and cholerai the inf ection affects predominantly the 
that antibodies produced as a result of vaccination may npt easy 
access to the site where the pathogm is producing the infecnm* F<«r 
this and other reasons it was essential to test vaccines against whooping- 
cough and cholera in properly controlled field triab, so that objective 
assessment of their value could be obtained. 

So far, the assumption has been implicit that the production of a 
specific protecting antibody is the main requirement for effective im- 
munisation, al^ough it should be noted that immunity may persist long 
after such antibodies cease to be demonstrable, as in whooping-cough. 
When the chronic bacterial infections are considered (e*g, typhoid, 
brucellosis, tuberculosis), it must be concluded from knowledge of the 
natural behaviour of these infections that the specific humoral antibodies 
which can at present be identified play little part in overcoming the 
infection. Thus, antibodies to the specie antigens of the t)rphoid amd 
brucella bacteria are demonstrable in the blood of the patient within a 
week of onset of the clinical illness, but the fever may go on for many 
weeks before clinical recovery. In addition, relapses in these contitmed 
fevers are not uncommon despite the presence of high concentrations of 
specific antibodies. In contrast to the acute bacterial infections, the 
infecting organisms in chronic infections are for the most part intra- 
cellular parasites, and it seems likely that what is called cellule^ immunity 
may be more important in overcoming the infection than the presence of 
humoral antibodies. It may be not^ that in tuberculosis and brucel^ 
losis a living attenuated vaccine is needed to produce immunity* Hie 
development of tissue hypersensitivity probably plays a part in tmaiug 
resistance to infection or re-infection in these and some otiier infections. 

In the viral infections it is known that humoral antibodies may be 
protective, but, again, cellular immunity seems to be important in some 
diseases. Thus, children with hypo-gaunmaglobulinaemia can recover 
from infections like measles, chick^pox and mumps with an appMentiy 
good iimnunity without detectable humoral antibody, whereas tibey 
rapidly succumb to acute bacteriid or toxic infections. Sudi difidren 
can also be successfully vaednated with smallpox vaedne (and witii 
BCG). But again, repeated attacks of herpes simplex occur £h the 
presence of humoral antibodies. These fimitogs indicate tiist sped&b 
humoral antibodies do not play anuyor rule in recovery fmm sofne vkus 
diseases. Chi the other hand, mimumty ljteertsinmf^^ 
equated witii the presence of antibody; mmosn gammi^lobul^ cwl be 
us^ defectively to protect against xnc^es and killed viral vaoeiMS, 
^ch probably act mainly in yirtae of the prodiictton of inunoral 
^tiboify, can protect against diseases like influenss and polb* 
ttvyeHtia. 
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Jbmuu/10 Metpotue mu/ 

The newborn baby may contain in its bhod antibodies to the agents 
of certain taxie, bacterial and viral infections according as the oorres- 
pondin|' antibodies are present in the mother’s blood. Thw passive 
immuimy gives protection to the infant at a time when it is poorly 
equipped to produce specific antibodies, but it interferes to a varying 
extent with the infant’s capacity to respond to the stimulus of toxoids or 
vaccines in the early months of life. For example, killed poliomyelitis 
vaccines elicit little or no antibody response in most children under 6 
months of age because of the presence of maternal antibody. The 
capacity of the infant’s tissues to produce specific antibody to injected 
antigens is, in any case, poorly developed in the first few months of life 
although some response is obtained to powerful antigens such as alum- 
adsort^ toxoids. It should be noted that the newbori^ infant will 
respond to living vaccines, e.g, BCG and smallpox vaccine 

When a good specific antibody response is being sought td a toxoid or 
killed antigen, the usual procedure is to give two or tluee doses of the 
antigen at intervals of several weeks. The first dose of antigen evokes a 
poor antibody response after a latent period of approximately two weeks, 
but after the second dose the amount of antibody produced is multiplied 
tenfold and after a third dose may be increased a hundredfold. The 
first or ‘‘priming” dose of toxoid will be more effective the lareer it is; or 
if it is released slowly as from a mineral carrier; or if it is n^ed with 
certain bacterial vaccines, e.g, tetanus toxoid plus typhoid vaccine, 
diphtheria toxoid plus pertussis vaccine. The second and subsequent 
doses are effective in much smaller amounts than the first, and widiout 
the help of adjuvants. With toxoids the response is much better if the 
two doses are spaced out at an interval of four to eight weeks, and, 
provided the priming dose is adequate, the response to the second dose 
will still be maximal even if given six to twelve months after the first. It 
is not known whether this delayed secondary response is applicable also 
to killed bacterial or viral vaccines: certainly with Salk-type polio 
vaccines, it is considered advisable to give the second dose not later than 
four we^ after the first dose. Where there is reason to believe that a 
community has acquired a basic immunity from the widespread occur- 
rence of clinical or inapparent infection, as in mfluenza, one dose of 
antigen will act as the seconds^ stimulus. 

As r^ards the duration of immunity after the basic course, this can 
be measured precisely in the case of toxic infections according to the 
kvd of specific antitoxin in the blood, or, less precisely, in diphtheria by 
the Sdiidc test. Recent studies have shown that an ^equate eoncen- 
tcation of diphtheria antitoxin may porsist in die blood of children for 
several years after primary immumsation in early infancy. After a 
primary course of three doses of tetanus toxoid, a satisfitotory antitoxin 
titre may be present for as long as ten years* 

The duration of immunity after injections of killed bacteri^ vaoct^ 
cannot be equated with the presence of demonstrable antfimdy; f^^ 
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example, «ft*r » fiotate <rf tiiMe doaet of pertus^ vaccine given to 
(^dren {average one year) there vm no dumge in the degree erf 
protection in ittcoenrive aix montla during a follow-up pmod erf two- 
^d-a-half yeara, although antibodies were no longer demonatitol^ in a 
considoable propo^on of tte (^drp within a year after immunawdon. 
Again, in the daronic bacterial infecdons, there is no correlation between 
antibody titres ai^ clinical proteoion, as was shown by the conxroll^ 
studies of typhoid vaccines in Yugoslavia. In the viral infections, 
although antibody titres are accepted as a measure of the d^ree of 
protection, there are certain anomalous findings: for exanqrfe, h^h titres 
of neutralising antibody have been found in the eatfy stages of fatal 
infections in smallpox. 

For these bacterial and viral infections, therefore, the only reliable 
measure of the duration of immunity after vaccination is a careful 
assessment of the attack rate over a period of time, preferably in com- 
parable groups of vaccinated and non-vaednated children. 

Controlled Field and Laboratory Studies of 
Prt^hylactic Vaccines 

Evaluation of prophylactic vaccines and toxoids by means of carefully 
designed field trials has in the past two decades resulted in a revolu- 
tionary change in the accuracy with which the degree of protection 
afforded to the inoculated can be assessed. Public health programmes 
for the use of vaccines so tested can now be planned with the assurance 
that a known degree of effectiveness will be obtained. Vaccines sub- 
mitted to controlled field trials so far include those against whooping- 
cough, tuberculosis, typhoid fever, influenza and poliomyelitis. It will 
be noted that although BCG and typhoid vaccines had been available 
and in use for many years prior to the time the new methods of field 
testing were generally applied, they had ultimately to be submitted to 
controlled trials before a true assessment of their value could be made.^ It 
is only by statistically acceptable studies which give unbiased information 
that controversy is settled and confident use can be made of file vaednes 
on a large scale. 

Well-planned studies, though costly, save money, time and misplaced 
effort in the loi^ run and can give information not otherwise obtainable 
on dosage, combined antigens, duration of immunity and IQte. 
Combined field and laboratory studies of vaccines aim at providing coor 
fidence in the efficacy of future vaccination programines. Sufficient 
confidence can only rarely be attained if the studies do not observe 
basic principles, whidi may be called (1) fiie principle of oomparabiU^ 
and (2) fiie principle <rf reprodudbility. 

(1) ri^Irntoj^o/Coffi^dM^ensuimcoiffidenoefiurtandbMrvcd 
degree of protectiem apparently conferred upas, a popdatfen bf 
vaednafion was due to the vaednation ana not to ofiuB c wm e e in- 
fluences. It mpiires ctunparison of fiie inddenoe (rf file dibesse m two 
or mote groups, and ptecwiticmB to ensure that fiiese gcwipB am be 
regarded as idcafiical in aU respects exicqcit fer file factor d yac dn a fion. 

2p ' 
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Tlie most convmcii^ evidence will be <d>tained if one of the groups 
in a field trial (“the control group”) remains unvaednat^ t»r is vacd. 

wi& an unrelated vaccine. If it is not fcarible to have a control 
group, comparisons may be made between groups inoculated with 
vacones that are pr^ared in different ways, or sometimes between 
groups treated with the same vaccine but using a different dosage 
schedule. 

(2) The Principle of ReproducQnlity ensures confidence in obtaining, 
in future t^ccination programmes, the same degree of protection as was 
observed in the initial field trial. It requires precautions to ensure that 
the vaccine which was proved to be of value in the field trial can be 
prepared again and can, if possible, be validly tested in a laboratory 
assay. j 

A field trial can only show whether or not the actual preparation of 
vaccine used in the trial was successful. What is then OMded is con- 
fidence in the ability to rqiroduce this particular preparati^ or of pre- 
paring an equally or more efficient preparation. The \prq>aration 
method must therefore be meticulously d^cribed and th^ laboratory 
studies must include assays of different vaccine preparations in experi- 
mental animals, in order to develop a laboratory method yielding results 
that parallel those obtained in the field; this procedure permits the 
asseasment of the protective value of future vaccine preparations by 
laboratory assay alone. 

If the essential protective antigen of a microorganism could be 
isolated, identified and quantitatively assessed with chemical' exactitude 
and if the medianism of the production of immunity by the host were 
understood, there would clearly be no need to do more ffian to measure 
the amount of protective antigen in the first successful vaccines tested. 
It could then be ensured that all subsequent vaccines contained similar 
or greater amounts of the essential constituent. 

Such measurement can be made with some approach to accuracy 
with toxoids such as the diphtheria or tetanus prophylactics, but with 
most bacterial and virus vaccines, killed or livii^, thm is not possible, 
and the prindple of reprodudblity must therefore be carefully observed. 
It is then necessary to compare a series of vaednes in field studies and ^ 
the same time to sulmut tibem to as many laboratory studies as possible in 
the h(q>e that variations of protective power in the field will occur and 
will be reflected in one or more laboratory tests. The laboratory test 
whidi gives results most dosely corresponding to the protective value 
may tiien be adopted as the test for future batches oi vaedne. 

£sain]fle« of Controlled T^iala of Frofdiylactic 
Some examples are given of well-conducted field triab that have given 
valuiMe mfmnation on the usefulness of proffliylactic vaodnstion 
i^ainst certain infectious diseases in defined communities. 

(or) Whoos^-OMigk — In wiuK^ing-cou|^, fdlowing die eariiff 
of Kendr^ and l^dering in Grand Rjqiids, Midugan, a con* 
series of contrdled fieM and labondory trials of pertiun* 
Ysednes have Iteen carried out in the United Kinifdom. . Annfetb^ 
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some 50,000 dbflikeB in titw ^ range 6 montihs to 2 years imce Jmoeii- 
lated and 25 different vaccines were tested. The followiii^] i^; an 
extract frwn the last ei three reports (Report, 1959a): . /i 

“The restdts of the trials clearly showed that it was possibfe by 
vaccination to produce a high degree of protection against the disease, 
as shown by the sutetantial reduction in the atfodt rate amoi^^ 
home contacts, and, in those cases where vacdoathm finlsd to 
complete protection, to reduce the severity and duradon of the 
disease, llie results also showed that the different vacdnes em- 
ployed varied a great deal in their protective action; the poorest 
gave an attack rate in home contacts of 87 per cent, and the most 
effective an attack rate of 4 per cent.” (see Fig. 36). 

N.R.C. PERTUSSIS COMMITTEE VACCINE TRIAU 
“HOME EXPOSUAE" ATTACK RATES IN 



GROUPS (mam rna) (indIvidMt riMt) 

Fro. 36 

(A am Im mu Ht Mo tii m in CkiUkotd. 

Edinbiui^ LMbigttone, 1960.) 

In r^ard to laboratory assays of potency, three methods of evahi^ 

tion were used: agglutinin response in the inoculated diffdreo,agghtdnm 
response in mice, and the mouse-brain protection test Tbefftsfctwoof 
^ tests correlated wdl with attack rates in inoeulRted dbiktem with 
most of the vacci^ test^, but thwe was a lack of oomalatioA'N^a 
purified antigemc fraction of J3. partusm (the Fittoner fratdioa) which 
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gave good protection dinically but a poor ags^utiain re^<a»e id taice. 
It waa diermoe considered duit the mouse-brain protection test was the 
most satisfactory in assessii^ prophybunic potent^. Hie corrdatioD 
between field trials and laboratory tests is shown in Fig. 37. 
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(b) ^idemiokj^cal evutence, psrticubirfy^ 

from Sca&d^vian countdet, oi tise protettive efiect ol BCG 
tion, Awe wrtxt untii lecently very few well-controlled trials from vvluch 
a criti^ assessment ,<rf Ae vacdne could be made. Now, wmtroUed 
field trials m difEerent age-groups and commumties, have skiwn 
BCG smd vole bacillus vaccines can give a hi^ degree of protecrion 
(around 80 per cent.) to vaccinated infants and adolescents, sfwl Aat Ais 
proteetkm may persist for as Icmg as ten years after vacdnatimi. The 
BritiA data (Report, 1959b) for sdbool leavers in three mdustrial areas 
carefully foUowed up for over seven years are shown m Fig. 38. Despite 
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Fio. 38 

The incidence of tuberculoais in the unvaedneted and vaccinated sroiqw 
in the British Medkat Reteardi Cooncil'a vaccines trial. 


^ese satiAsetory results, enhw trials carried out m the souAem of 
the United States have shown onfy a smril degree «f furotectkA to Ae 
vaccinated compared wiA Ae control groups. This latter finding jjuy 
be related to a b^h inddence of low-d^ree sensitivity A tobercu^ 
Some countries follow Ae original Cahnwte ptoceAne of fhring 
repea^ doses dF BCG vaccine 1^ mouth, but apart fraaoa a 

tetent trial in Algeria there seem to be no contcolled'^*'**^' "*-- 

protective^ value of Ae oral nnite ni vacciopAm, 
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(c) — ^The rektivdy low inadcDce of {>olio- 

myditis, even in wdl-developed countries, has meMtt that a cxitical 
equation of pdio vaccine wouI4 require very large numbm of childr^. 
Sudi a study was carried out in the United States oi America where over 
half a million schocd-children aged 6-8 years were involved in a strictly 
controlled trial in 1954. The overall attadc rate of paralytic polimnyelitis 
in the vaccinated and placebo groups was in the ratio of 1 : 3*5. This 
ratio was much greater for the grave bulbo-spinal(l : 18) than for spinal 
poliomyelitis (1 : 2*5) and was progressive^ greater in the 6, 7 and 8 
year old children (see table p. 598). Subsequent trials carried out in the 
United Kingdom and Sweden have supported the American conclusion 
that killed poliovirus vaccine can give a high degree of protection. 


Paralytic Poliomyelitis Cases by Age and Vaccination ^tatus 


Age (1 May 1954) 

Vaccinated 

Placebo 

^ r 

Per cent. \ 
Effectivene88\ 

SL 

6 years: 





Number 

16 

21 


NS 

Rate per 100,000 

37 

49 

24 


7 years: 





Number 

12 

48 


0*001 

Rate per 100,000 

16 

64 

75 


8 years: 




PW 

Number 

4 

29 



Rate per 100,000 

7 

53 

87 

nn 

9 years: 





Number 

1 

9 


0*01 

Rate per 100,000 

4 

37 

89 


All i^es (6-10 and 
over): 


■■ 


■ 

Numbn ■ 

33 



Rate per 100,000 

16 

!■ 

71 



SL<b level of •tttitOcel.aignificance. 
NS=>not Hgnificsat «t level of 0*05. 


More recently, a live attenuated polio vaccine, often called Sabin 
vacdne, which can be given orally has becmne widely used. It may be 
tikeh 'in syrup, candy or on a lump of sugar eitho: as noonovaleat 
vacdne, ustwfly in the ordo: type l,t^ 3 and type 2 polio vaccines, at 

4-S ir^ervals or as 3 doses a trivalott vaccine at 4-8 wee^ 

ihterv^ The advanta^ of the living oral vaccine are ease 
ttadon, cheaiHiess and me establishment of a local immunity vdii^ 
intetifects with paradtisation by the virulent wild strains. Ibereniaybe 




























TYFHOID VACCINE 

some incresse in neurovirulfincc for tibe numkey in yaccine strains tlwC 
have become established m the intestine but, despite some t^wrted 
cases of poliomyditis, mostly in adults, widi the type 3 vaedne^rain in 
U.S.A. and Canada, it may be accepted that oral vaccin^dn is safe 
and effective. 

(d) ^Although it has been assumed for many years tba* 

anti-t^hoid vaccination has made a nuyor contribution to the cmittrdl of 
typhoid, particularly for tiie armed forces in times (ff war, certain 
anomalous findings among vaccinated troops during and iffter the second- 
world war raised doubts and called for a fresh critical assessment <ff 
typhoid vaccination. A controlled trial (ff two vaccines (heat-killed 
phenol-preserved, and alcohol-killed alcohol-preserved) with a control 
group given a Flexner dysentery vaccine, was carried out in an endemic 
typhoid area in Yugoslavia, involving over 35,000 inoculated persons in 
the age range 5-40 years. The results, over a two-year follow-up period 
(1954-55), showed a significant degree of protection in those recdvii^; 
the phenolised vaccine, whereas there was ins^nificant protection with 
the alcoholised vaccine (Report, 1957). It is interesting that in the 
following three years provisional data showed that those who reedved 
two doses of phenoli^ vaccine in 1954 and a booster in 1955 still 
showed a significantly lower attack rate than the control group (see table, 
p. 599). 


Typhoid Cases in Vaccinated Groups 


Vaccine 

1954 

1955 

1956 

1957 

1958 

Total 

cases 

No. of 
vacc. 

No. of 
cases 

No. of 
vacc. 

No. of 
cases 

No. of 
cases 

No. of 
cases 

No. of 
cases 

Alcohol . 


17 

8,913 

6 

1 


6 

30 

Phenol . 

UjliliS 

7 

8,595 

2 

1 

1 

2 

13 

Control . 

11,988 

23 

9,002 

8 

4 

6 

9 

so 

Total 

35,508 

47 

26,510 

16 

6 

m 

17 

93 


Further controlled field trials of typhoid vaednes have since been 
carried out in British Guiana, Yugoslavia, Poland and U.S.S.R. In the 
British Guiana trial (Ashcroft et ^., 1964) about 72,000 schod diildren 
aged 5-15 years were randomly allocat»l to one of three vaccine groups 
receiving two 0*5 ml. injections, at about 5 wedcs’ interval, of, xesfH^ 
lively, acetone-killed typhoid vaccine, heat-killed phenoUsed typhoid 
vaccine and tetanus toxoid (as control). The average annual attack 
rates per 10,000 in the' three groups in a 26 months follow-up period 
vrere, in the order, 1*0, 3*6 and 14*2, thus confirmii^ the protective 
value of ^ phenolised vaodne but also demonstratini; a muds higher 
prophylactic effectiveness the aoehmeddlledvaoccDe. Theseffuw^ 
correhorated in die second Yugoshpr trid ahfaoui^ the dsfroe dt 
protection was not so high* 
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Hagarda of Tmmnnisation 

It is axuKQoatic that prq>hylactic agents, before they are issued for 
use, should have been shown to be ^e as well as effective, and the 
llierapeutics Substances Act regulations require catain tests for sterili^ 
and toxicity to be carried out on these prophylactics. Nonethelem, there 
are certain inddental hazards associated with the injection of immu- 
nising agents, and the first of these relates to the syringe and needle to be 
used for the injection. The best way to ensure that a syringe and needle 
are sterile is to heat the assembled outfit in a hot air oven at a tempera- 
ture of 160® C. for one hour. The next best is the use of hi^ pressure 
steam in an autoclave or pressure cooker, which, with the syringe dis- 
mantled, can again ensure absolute sterility, ue. the destnimon of both 
sporing and non-sporing micro-organisms. Although boiling does not 
kill the more resistant sporing organisms, this procedure ia accepted as 
reasonably safe for the re-sterilisation of syringes that have aheady been 
properly sterilised in a hot air oven or autoclave. In other wWds, where 
many injections are being given, as at a baby clinic, repeated boilii^ of 
the syringe and needle for ten minutes is accepted as adequate protection 
against the risk of transference of infection. A sterile syrin^ and needle 
must be used for each injection to avoid the risk of transferring the agent 
of homologous serum hepatitis, for a syringe, if used for repeated injec- 
tions with a fresh sterile nee^e each time, may carry over minimal 
amounts of tissue fluid. The skin should, of course, be cleansed and 
preferably treated with a quick acting antiseptic such as 2 per cent, 
iodine in 70 per cent, alcohol immediately before the injection. For 
snudlpox vaccination, the skin should simply be cleansed with soap or 
methylated ether and then allowed to dry. It is unwise to ^ve an 
injection to a child who is obviously suffering from skin sepsis; and 
smallpox vaccination should be avoided in a chUd with eczema, because 
of the risk of generalised vaccinia. 

In regard to reactions, there is as a rule little or no local or systemic 
reaction following the injection of plain toxoids, but when alum is added 
to the toxoid there is usually some local reaction because of the irritant 
effect of the alum. For this reason the injection should be given deep 
subcutaneously or intramuscularly, so that any fibrous nodule at the site 
of kyection is not easily felt. With killed vaccines, the amount of local 
or systemic reaction is usually greater than with toxoids and with b<^ 
TAB and pertussis vaccines there may be local swelling associated with 
some febrile reaction within the first 24-72 hr. after inooilarion. After 
injections ci pertussis vaccine, cases of encephalopathy, manifeMed by 
convulsions and coma and followed sometinies by mental deteritHatioo, 
haw been reported. It is impossible to estmutte ^ ri^ of ffiis hazard, 
but it occurs m probably less than one in 1 million injectionsand hmbo^ 
noted particulariy in the TJ.S.A. In view of das rare hazard, it b 
advisable to avoid giving pertussis vaccine to children with a history <» 
n^>eated convulrions and to children who are convalesoear Irmn some 
other iSness. 



IMMUMISAtiON 8CBSDV1.E8 

ThKC is y/^cy little ink ieactk% foUowwg 'die use of pcdkuiQPt^tis 
yinis vsctsnes. A (tM tnstanees oi sUer^c leactioos in pstiftnts- 
were alrescfy h 3 rperMnsttive to peniciilia have been recorded^ *8 
manufacturers ttt grving up the use of peni^hn in the {HscaiiMtjiojD. of 

poliovirus vaodne,^ hazard is not likely to occur in future. Both local 
and 83 ^teinic reactions to influenza virus vaccine may occur in a km 
percenta§[e of pmeonsj here and also in the 'use of yellow.fev^ vaiizh^ 
enquiry diould be made about the patient’s sensitivity to -CBflEisitoe 
vaccines are prepared from chick embryo tissue. 

With snudlpox vaccine there is the recognised, if risk of post- 
vaccinal encephahds when primary vaccinatien is carried out on a sdiotd 
child or adult. It is perhaps not so widely known that the ride of post- 
'vaccinal encephahtis seems to be rather greater in children under 1 year 
of age (15’8 per million) than in children between 1 and 4 years of age 
(2*1 per million). Again, gen^ialised vaccinia is more likdiy to occur in 
infants (51 per million) than in 1 to 4 year olds (23 per million). But 
these hazards are a^tt^ly very small and should not neoessarity 
influence the doctor in deddii^ on the most convenient time for giving 
particular inoculations. 

A complication that has attracted considerable attention in recent 
years is the so-called “provocation” poliomyelitis, which may occur as a 
paralysis in the inoculated limb in cmldren within a month of receiving 
some prophylactic inoculation. In an MRC investigation (Rqiort, 
1956), the overall inddenceof provocation poliomyelitis was 1 p« 37,000 
inoculations. The risk, however, was greatest with a mixed diphtheria- 
pertussis vaccine containing alum, where the rate was 1 in 15,000 uyeo- 
tions. Significant, but smalls: risks, were observed with the (fipb&ma 
prophylactics APT and PTAP, and with the mixed diphtheria- 
pertussis vac^e without alum. No significam ri^ was found a^ 
plain pertussis 'vaccine, TAF or formol toxoid, or smallpox vaccine. 
Because of the hazard associated with an alum-ocmtaiiiing c ombin g 
prophylactic the Ministry of Health ha've advised against the tne oi such 
prophylactic agents. Studies both in this ccnmtry and in Omada 
indimte that the hazard associated with combined diphtheria-p^rtUsus 
or with the triple diphtheria-tetanus-pertussis vaedne is so small as to 
warrwt the continued use of combined prophjdactics because of their 
administrative and other advantages. Finified diphtheria toxoid » par 
se a poor antigen. 


IMMUNBAHON SCHEDULES 

The aim immunisation pHogramaies » the conti^l of in£oet«m in 
coi^unity rather than individual protection. A lower levd of 
iRununity Utan is necessary for solid individual protection can effeelivefy 
deduce the inddoioe of cmnmunicable diseases if a h^ {uopertion of 
we s^ceptible oommunily is immunised. Ihus, in diffliliasis, 

^ '8pid reduction in both morbidity and mortali^ when 60-70 per cant, 
w the pre-sduMfl and sdiool children are efiecrivdy immunised. It is 
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Stated that Mnallpox niay be controlled ivhen appnudmatdy 80 per cent, 
xA the \diole ocHunninily iu» been successfully Tscdnated. Tetanus U 
an exception to this general rule in that protection of a proportion of the 
population does not reduce the risk to ^e non-immunised individual. 

For countries widi vrell-developed systems for the collection of 
morbidity and mortality data relating to communicable diseases plus 
good mescal services, it should be relatively easy to decide virhat vacci- 
nations should be carried out and h 9 w best tiie programme can be 
effected. Nonetheless, delays and lack of co-ordination in the applica- 
tion of knowledge frequently occur even when a good organisation is ' 
available. There is also the risk that the incidence and importance of a 
disease may be under-estimated or miscalculated if notifiqation is poor, 
or mortality rates are falling, e.g. in tuberculosis and whoomng-cough, or 
deaths are attributed to secondary causes, e.g. bronchopneumonia 
following measles or whooping-cough. In countries with limited 
medical services it is essential that strenuous efforts be made to provide 
satisfactory vital statistics and, by sample surveys or othw means, to 
obtain a reasonably accurate assessment of the main causes <x morbi^ty 
and mortality. 

In the United Kingdom most of the immunisation work is done either 
at child welfare clinics or by the family doctor or paediatrician. While 
there are obvious advantages in having the immunisations carried out by 
the family doctor (and the available evidence indicates that the propor- 
tion of immunisations done by practitioners is steadily increasing) it is 
essential that there should be a well-organised system for enburii^ that 
the child receives its injections at the appropriate ^e and time intervals 
and that there is an efficient system of recording the inununisations. 

An immun isation campaign carried out without provision for its con- 
tinuation as a routine procedure will not give satisfactory results — except 
where complete eradication is achieved. Therefore, in planning immu- 
nisation schedules, provision must be made to ensure receptivity by the 
public and, particularly, to secure the co-operation of parents who have 
to bring their children to the doctor or clinic for repeated inoculations. 
These measures are essential for the successful execution of the pro- 
gramme. 

Kimwledge about the duration of immunity following the primary 
course of immunis ation and after booster (or recall) injections is not yet 
sufficiently precise in a number of communicable diseases. The 
number and timetable of booster dos^must, therefore, be left raffier 
elastic. The need to use efficient prophylactics and, wherever possible, 
vaccines that can be standardised, cannot be over-emphasised since the 
continuance of immuni sation programmes witii the co-operation and 
confidence of the public depends on the successful resulte of these 
procedures. 

The two sdiedules set out below are sug^^ested models (a) for ar^ 
wfth wj^-devd«^ped medical services, and (h) for devdoping areas wim 
inadequate meffi^ services. 

It is dvisagiKl ffutt: schedtile (6) will be used in countries wim a wv 
i^Qiwii pnliornyBlitis. In such areas polkunyditis 'vac^ 
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should not 'bo emplcqrod routinely, tmt diould be available to those at 
special risk of dinical disease. 


(a) Svggested Scheduk of Jmmutdsation in Areas toUh 
Adequate Public Health Medical Services 


Age 

Visit 

Vaccine 

Injection 

Interval 

1 to 6 months 

1 

Diphtheria, Tetanus, 

1 




Pertussis 


4-6 we^ 


2 

Diphtheria, Tetanus, 

2 




Pertusris 


AS weeks 


3 

Diphtheria, Tetanus, 

3 




Pertussis 



7 to 11 months 

4 

Poliomyelitis (oral)* 

- 

4-8 wedES 


5 

Poliomyelitis (oral) 

— 

4-8 wedu 


6 

Poliomyelitis (oral) 

- 


18 to 21 months 

7 

Diphtheria, Tetanus, 

4 




Pertussis 



Smallpox vaccination during the first 2 years, preferably in the second year 

School entry 


Diphtheria and Tetanus 



8 to 12 years 


Diphtheria and Tetanus 





Smallpox revacdnation 



Over 12 years 


BCG 




* Poliomyelitis . — If a child has had two doses only of Salk vaccine 
he should receive two fiuther doses of oral vaccine to conofdete the 
primary course. The second dose could be at a convenient rime such as 
school entry. 

Children who have already started a course of immunisariiMt with 
killed vaccine may, at the doctor’s diso’erion, other complete the onirse 
or be givoi oral vacdne, as follows: — 

(i) If a child has had only one injection of Salk vacdnct a hdl course 
of three doses of oral vaccine riiould be administned. 

(ii) If a child, aged 5-12 years, has had three injectimis of Safik 
vacdne, the fourth injection may be replaced by tmt dose of orid 
vacdne. 


Tuberculosis . — ^BCG yacdnarion. Hi^ prevalence ardnu Ikit 
''^t’cmarion withm first four we^ life or, where the modified vaod- 
lotion schedule is used, MIG vacdne may be given at the same rime as 
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(b) SdM m M- 

■ Imdegtu^ M^icA Stnkiu 


Age 

Prophylactic Vaccine 


0-4 weeks 

(1) BCG vaccinatiiMt. 

H 

3-9 months 

(2) SinaUpox vaccination. 

(3) Diphtheria-pertussis-tetanus (triple vac- 

cine witih alum): 2 doses at an interval 
of one month. 

The first injection could be given at the t^e 
of smallpox vaccination. Small^x vaoc^- 
tion is verified at the second visit. Failles 
of smallpox vaccination are re-vacdnatecL 

2nd 

and 

3rd 

School oitry or 
soon thereafter. 

(4) Diphtheria/tetanus booster (plain or with 

alum). \ 

(5) TAB vaccinadon: 2 doses at an interval 

of one month. 

(6) Smallpox re- vaccination; at the time of 

second TAB injection. 

4th 

and 

5th 

10-14 years 

(7) BCG re-vaccination (in tuberculin 

negative reactors). 

(8) SmaUpox re-vaednation. 

(9) TAB booster. 

6th 

and 

7th 


the second dose of triple vaccine at 4 to 8 months of age. Pre-vacdnation 
tuberculin testing may have to be done at this age, depending upon the 
i nferrinn risk during &e first year of life. Re-vaccination at school entry 
and at school leaving i^e, after tuberculin test. 

Low prevalence areas: first vaccination — in school or before leaving 
sdiool after tuberculin test. Re-vaodnation may be performed on 
military recruits, students, aiui on the occasion of routine examination of 
oocupatbnal groups. 
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PART V 

TBCSHtCAL METHODS 


CHAPTER 44 

MICROSCOPY 

The 8tud3r of the morphology of very small organisms is of sadh importance 
that the miCTobiologist must of necessity be a competent microaoopist. It is of 
paramount importance for him to obtain the b«t posrible performance from 
his instrument and for this a sound knowledge of the basic optical principles 
involved and an understanding of the construction of the microscope are 
essential 

Microscopes designed by different manufacturers differ enormously in 
their outward appearance, but essentially most consist of three parts — th e 
stand, the body and the train of optical lenses. A typical monocular micro- 
scope suitable for microbiology is seen in Fig. 39. 

The stand comprises a heavy foot, often horse-shoe shaped (1), to give 
stability and the limb (5) which bears the opticd system. The limh is a t ta che d 
to the foot by a hinged joint so that the microsct^ can be set at a comfortable 
angle for the observer. The optical system is mounted in the tube which is 
usually in two p^, (a) w extemd tube (9) which bears at its lower end a 
revolving nose-piece (15) in which interchangeable objective Ibises of various 
magnifications are fitted (16 & 17), and (6) an inner draw-4ube (13) wMch 
carries the eye-piece (12) at its upper end. This whole assembly is luM in 
position by the body (8) which houses two mechanisms, the coarse (7) and fine 
adjustments (6^ whereby the h^ht of the tube can be at^usted in sudbt a way 
that the objective can be positioned at its optimal workiitf distance (its focal 
length) from the object n9]| to be examined, tlese focusing mechanisms are 
operated by milled heads situated on the two sides of the tmdy. The milled 
head of the fine adjustment is usually graduated in and one divisdon 
corresponds to a movement of 0'002 mm. of the tube. The stage (18) is a 
platform which accommodates a glass microsoope slide on which the object to 
be examined (19) is mounted; it is attached to limb immediately below the 
level of the objective lens and has an aperture m ita omxtre to permit light to 
re^ the object. The stage may be of the fixed t^ fitted with two sprini; 
cUps or of the mechanical type that can be moved tn two planes by rach and 
pinion mechanisms (3). A mechanical stage is great advantm because k 
controls small movements of the object accunOdy and it is reauy necessary 
when a large area of the microao^ p(q>m»tioa ttH tobeeeatchM, as in the 
examination of fifana of vpaHim fat titbetde badifi or iff blood for malaria 
parasites. It is posdble to obtun attachable mechanical stagtis for almost aU 
microscopes but the type that is built into the instrument is mudh more stalde 
and greatly to be pnlmd. 

In some modm microscopes the objective is hdd in a fixed pcnitiloa and 

distance between it and the object is adjuMed by tiie iaammi motiMieiit 
w st(^e which is controlled by coarse and fine adjiutment aciewa ffwrilar to 
those used in other naodda to move the tube. For thoae acouatonied to tibe 
f^dard mioiMoope gnat am ia at firat leqmied te avcdd tits liak of dainage 
to both object andoKeeiive. 

Beneath the ati^ n aifiiatage (24) wfakh iniiiea a oondanaaf tahqan 
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lenses focus light from the iliununatingaouroe on tibe plane of the object The 
hei^t of tiie condenser, and therefore the focus of the light, can be varied at 
will by a radr and pinion medianism (2). The horizontd ponlion of the 
condenser can be adjusted in two planes % centring scream (21). Immediate^ 



— b; (S) Limb; (6) Fine adiuatnian: (7) Coaise t-_ a s. « - 

(9) foctKital tube; (lO) Lena ot obaenmr'a tgre; (li) Retina;. fl2) BjV' 
pkee; itS) hma diaw«tube: (14) Prinunv nasge, rad and twxgti 
eidecem; (15) Rewdvii^ niMe<{iiece; (IQ ffipb-fowar ebiwtiver ' 

“9) CondsBiorj 


wbjectm; (ISi Revuvira noMH»ece; 
Low-power Mjective; (18) Stage; (i,, . 
Centnng aciew for eondnuer; (22) Iris 

ladder; (24) Sumage; (2$) 


; (23) Rfog 
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bdow tlw CQOiteMw and tncorporated in ilw same mount » the kja 

diaphraiTB cmetated by a smaU lever mrhich protrudea to one auto^ 
Openi^ or doamg this iris ^plnagm controk the ammint of H gh^ 
theobj^ Just below the iris diarfiragm is a ring-diaped filter h oM pf {i@ 
designed to circular coloured glass filters (e.g. a blue “dayK^" filter) 
required to rethice excessive red or yellow components in some types of li^ 
sources. It is swung in and out of poskton by a lever which may be witua tfd 
tiresomely dose to diat of the iris diaphragm. Hie worker must fiuniliariae 
himself with toe rdadveponfions of these two leyers. Fitted to toe tdllHfioe 
below toe condenser is a hinged mirror (25) toat is flat on one lade and concave 
on the other. Many modem microscopes, however, di^pmisevnto: toe mirror 

and, instead, toe whole ill umin a t i ng source, consisting of a ityJI 
{e.g. 6 volts, 5 amps), is built into toe foot of toe ^^ument. 

Bmoeulitf Mticrofeqper.— Where much microscopic woric haa to be done 
and for routine examination we recommoid that the microscope sW u H have 
a binocular body, u, by umng both eyes, a considerable amount of eye strain 
and ktigue is avoided. In the binocular body toe rays of li ght worn the 
objective are divided by a half-dlvered sur&ce inclined at an angl*. ©f 45 
degrees which permits one half of toe li^t to pass vertically, while toe 
remainder is reflected horizontalty. Each half of the rays is directed into its 
appropriate eye-piece by means of prisms (see Fig. 40). The eye-piece 



Fro. 40 

A diagram to fllustrste the ^ticai path in the 
btoegriar head <rf a miCToacope. 

be ati^iatod to toe mtei|Nq»iIlary tostanoe of toe observer; wkSo 
^ ocular tubes is adjustaUe to correct individual diffuenoes between 

l*h»ctdar miceoso^ies are very suitol^ finr lonline use, as toe 
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are indiiiied tomt^ llie obsai^ and il k not tieoeBiaiy in iit the 
aland aa witli the 8trai|te binoci^ or inon^^ Conaequei^ 

atq^e ia borkontal and this ia of particular advantage when M&ng whh 
wet Slim or using daiiL^^grornidihu^^ (Siinliarlyanindbedeye^piece 
fitting for a monocular tube may be obtained*) 

It should be noted Aat the indined binocuMu- body may increase &e actual 
magnification by times. This factor shown as 1*5 x ia ^dgraved on the 
bo^. Lower^wer eye-piecea only should be used; 6 x is die most con- 
veni^t, and 8 x is the highest practicable for routine use. 

Binocul^ microscopes have interchangeable monocular and binocular 
bodies, whidi are removable without disturbing the objectives, so that a 
monocular body can readily be used for photography, micrometry, etc. 

MAGNIFICATION 

The purpose of the microscope is to produce an enlar^d image of objects 
too small to be observed with the naked eye; the degree <u enlirgement is the 
inagmficaiim of the instrument. It is perfeedy possible to deaign an optical 
system which will give enormous magnifications, e.g. hundreds of thousands 
of times, but after a certain point detail and sharpness begin to be lost. A 
common example of this is seen when a magnifying glass is used to examine a 
nev^paper photograph; the effect is not to reved more detail, instead the 
picture is broken down to a series of black and white dots. Magnification of 
this type which does not increase the detail observed is known as ^'empty 
nu^ficatiori* and is of no value to the microbiologist. As will be seen later 
there is a fundamental limit to the amount of detail or **useful magnificatim'* of 
any optical system and this is imposed by the wavelength of the light rays used. 

The Formation of the Image . — It is the lenses composing the objective 
which initiate the magnifying processes. An objective operates at a distance 
from the object that is slighdy greater than its focal len^, and admits rays 
that are transmitted to form a real, inverted, enlarged image (the primary 
image) in the upper part of the tube. At this point thi^e is interposed another 
lens — ^the field lens — whose function is to collect the diverging rays of the 
primary image Fig. 39 (14) so that they pass through the eye lens of 
the eye piece which magnifies the image still further. The field lens is 
accomme^ted in the lower plane of the eye-piece. Rays as they leave the 
eye-piece to reach the lens of the observer’s eye (10) are once more divergent 
and thus the image seen by the retina fll) is virtual, appearing to be some 
10 in. in front of the eyes (see Fig. 39 (4)). 

The magnification of a microscope is the product of the separate magnifi'* 
cations of die objective and the eye-piece and depends on the foUovring 
factors: 

(1) The optical tube length. 

(2) The focal length of me objective. 

(3) The magnifying power of the eye-piece. 

1. The optical tube length is the distance between the msterior princip^ 
plane of the lens qrstem of the objective and the plane or the ii^e in Ae 
upper part of the tbaw^tube. This tfistance is difficult to determine but, fot 
practiw purposes, may be taken as equal to the mechamed tube length whicn 
It the distmee between the pmnt where the objective fits into the lower end o 
the body or the note-pieoe and the eye lens ot the eye-piece, a ineasur^^ 
mde with a ruler (see Fig. 41). Most modem mforosoi^ tavc ^ 
id mbe length of 160 mim, but a few fnanulicturem en^ 
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m 

Objectives ere designed to work at a definite tube length and any variadon 
from this distjtooe may senouslympair the quality of Ac i^^ TWamust 
be borne in mind when buying new objecfivea, particularly when high*power 
apochromadc or achromatic lenses are needed. 
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A diagram to illustrate the optical tube of a 
monocular microscope. 

Many microscopes have an extensile draw<^tube that can be used to vaip^ 
the opti(^ tube length but its use is only required in correct^ for coveniip 
thickness or possibly in calibrating an eye-piece micrometer. Ine tube leOgim 
should not be used to obtain greater magnmcation because a serious distoruon 
of the final image results. 

The mapt^Uatim of an ohjoctwo is obtained as follows: 

Magnification of objective 

’ distance of objccTfi^ ofajccdve 
mechanical tube length 
’focal length oi^ objective* 

2q 
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ExtmpleB 

(a) 16 mm. (4 in.) objective«-^ >10. 

(61 4 mm. (!■ in.) objective^ ‘ ‘ ‘ >40. 

(«) 2 mm. (-^ in.) objective* *80. 

Hie 2 mm. objective has, in reality, a shorter focal lengA iban that by 
which it is deugnated, and gjves a mag^cation of 95-100 diameters accor> 
ding to the mw. Makers now <mgrave the initial magi^cation on fte 
objective mount and refer to the objective by its magnification as uroll as by 
the numerical aperture (vide injra) thus, tiie 16 mm. (f in.) objective ig 
designated 10/0*28, the 4 mm. (4 in.) is 40/0*65, and the 2 mm. (-jijf in.) is 
95-100/1*28 (or 1*3). 

3. Hie magtttfication of the eye-piece is clearly engraved on the mount by 
the makers. 

4. The total magtdjication of the microscope is: 

Tube length . a 

or 

Objective magnification x eye-piece magnification^ 


NUMERICAL APERTURE 


Objectives are rated not only by their focal length but also by their angles 
of aperture which determine their light gathering powers. A method of 
expressing the fraction of a wave front admitted to a lens is the use of the 
measurement of the Numerical Aperture (NA). The numerical aperture may 
be defined simply as the ratio of the diameter of the lens to its focal length.^ 
It is expressed mathematically as follows: 

NA^nSinU 


where n is the refractive index of the medium between object and objective 
(air, 1*0; cedar-wood immersion oil, approximately 1*5), and 2U the ar^le of 
aperture — ue. the angle formed by the two extreme rays of light, which, 
starting from the centre point of the object, reach the eye of the observer (see 
Fig. 42). 

That is, DAC=2U 


BAC=U 

StaU-H 


It is thus seen that the numerical aperture, other things being equal, 
depends on EF, which is half the diameter of the lens. Objectives, therefore, 
may have equal focal lengths, but different numerical apertures depending on 
the diameter of the front lens. ^ . 

The theoretical limit of the angle DAC is 180® — when the objective is 
actually on the object — and therefore the theoretical limit of U is 90®. The 
greatest possible NA of a dry lens cannot exceed 1, since the refractive index 
of air («)«1, and Sin 90®*!. Actually the highest practical NA of a dp^ 
lens is 0*95. On the other hand, the introduction of cedar-oil between the 


^ llie numerical aperture has been exprsMed in this maimer to simplify desmpnonj 

but this IS true cmly for obj^actives of long focal length, where EA is approxinwtely egJJ 
to FA (see diagram). With short-focus faiscs of high nunaerical aperture this deto^ 
is not correct. Ihe lengdi £A is then much greater foan the distance of the objective 
from the sHde (FA)« 
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objective and object gives n a vdue of 1*5. The highest theoretical vi^ 
therefore, of « Sin U for an oil>inunernon objective ia 1-5 x Kn 90 *-- m. 1-5. 
In practice, howevw, the highest NA of an oU-immersicm objective (attained 
jq an wochromat) is 1-4. The ordinary -^in. objective for bacterkintical 
purpose has a NA of 1-28 or 1-3. 



Diagram to illustrate numerical aperture. 


RESOLUTION 

The limit of useful magnification is set by the resolving power of the 
microscope) i.e, its ability to reveal closely adjacent structural details as 
separate and distinct; expressed quantitatively it is its capacity to distinguish 
two neighbouring points as separate entities. It is this power which deter- 
mines the amount of structural detail that can be observed microscopically. 
The minimum resolvable distance between two luminous points (r) is given by 
the formula 

0*61 X A 
NA 

where A is the wavelength of the light used. In practice, with axial illumina- 
tion, two points any closer together than about hidf the wavdengtii the light 
cannot be resolved. Thus, if green light of wavelength 0-55 x 10~* cm. and an 
o^ective of N.A. 1-4 are used 

0-61 X 0-55 xlO-‘ cm. 

1.4 

=0-24x 1{H cin.=s240 mf.. 

Under working conditions the limit of resolution is reached at about 04)0025 
nun.(250m^.). llius, using ordinary microscopic methods with ani^xxdun- 
^tic objective of NA 1-4, and a hi^-power compensating ^e-piece used at 
ue optimal tube length, ^ whole optical ^ttem and illumimmt bting eate- 
ry centred, stained particles of 2^ vo^ can be aem. It slmisld be retiiied 
i^t when tile bo<^es observed have been coated wtth a mcadmit, M in 
I r aschen’s stun for the vaccinia virus, the stained virus particles may have been 
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rendered larger than the natural on^ and are thereby brought within the 
limits of resdution. 

If ultraviolet light is used as the illuminating source greater resolution nutv 
be detained because the wavdength is shorter (about hiuf that of visible light] 
and thus an effective NA of approximately 2*5 can be obtained. The method 
however, requires an opticd system composed of quartz lenses because 
ordinary glass offers too much resistance to the path of the rays; this, with the 
necessity for photographic recording, makes the apparatus expensive and 
complicated to use. 

In the electron microscope the illumination is provided by a beam of 
electrons that has an equivalent wavelength as small as l/100,(H)0th that of 
ordinary light. The efficiency of the lens systems of the electron microscope, 
however, does not match that of optical lenses and the resolution of this 
instrument is therefore only about 250 times better than that of the best light 
microscope. 

DEmnnoN 


Definition, not to be confused with resolution, is the capacity of an 
objective to render the outline of the image of the object clear and distinct. It 
depends on the elimination of optical aberrations inherent inme glass of the 
lenses. 

Spherical aberration is due to the fact that rays passing, for example, 
through the edge of a lens will seldom be brought to precisely the same focus as 
those passing nearer the centre (see Fig. 43); the result may be serious distor- 
tion of the image. 



Fig. 43 

Diagram to illustrate spherical aberration. Light entering a convex lens is 
brought to a focus at point F, the focal length of the lens being/. Rays a, b and e 
are redacted to difierent degrees to reach focus points a\ b' and c\ which are 
situated at points apart from each other. The result in an uncorrected lens 
system would be multiple superimposed images and great blurring. 

Chromatic aberration occurs because white light as it traverses a lens is 
difiracted as it would be in a prism to its various comf^nent colours, each vdtb 
its own wavelengffi (see Fig. 44). The rays of different wavelengths are 



Pig. 44 


A diagtam to filuitfato chrostiatic abemtion. 
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efracted by the Iww to varying extents and may not always be tecondnoed In 
he same focus. Kue fays, for example, are refracted more and coiae Jto a 
ecus nearer to me lens than red ra]w; the result may be a hazy image ftiuged 
vith the colours of the spectrum (see Fig. 44). 

Aberrations are corrected by tn* makers of better quality lenses by com- 
lining lenses of different dispersive qualities. Crown glass a low diS' 
jersive power and is used for convex lenses, while flint glass, wUdh'hasah^h 
lispersive power, is used for concave lenses. In this manner 1^ cohiuts of the 
spectrum are recombined to form white light and lenses of this type are known 
IS achromatic lenses. The best performance from lenses of this type is obtained 
(fhen monochromatic green light is used. 


THE LENSES OF THE MICROSCOPE 
OBjPECnVES 

Microscope objectives are constructed from an intricate assembly of lenses; 
sven the lower powers con^n up to four lenses and higher powers eight or 
nore. Essentially the qualities of any objective depend on (1) brightness of 
mage, which, other things being ^ual, varies as the square of the NA; and 
[2) the resolution and definition which vary directly as tlie NA. The depth of 
focus, while not entirely dependent on the NA, varies in inverse proportion 
) it. In general, it may be said that in the case of two objectives of equal focal 
length, the one with the higher NA is to be preferred as the better lens. 

In microbiology three objectives are generally adequate for most purposes; 

1 16 mm. or f in. objective with an NA of at least 0*28, a 4 mm. or \ in. with 
minimum NA of O-fiS, and a 2 mm. or in. immersion with an NA of 
1 28 or greater. Modem achromatic objectives are excellent and are perfectly 
latisfactory for all routine and much research work. Apochromatic objectives 

t re very expensive and need only be purchased for special purposes, e.g. 
ihotomicrography. 

Oil-immerston objectives are the types most frequently used in microbiology 
ause their greater magnification and resolution are required in the study of 
: morphology of objects as small as bacteria. It has been seen that the NA 
an objective dq>ends on the angle of the cone of ra 3 rs that it can admit from 
: object and that any factor wmch reduces the rays accepted impairs the 
ality of the image. In the case of the 2 mm. (-^ in.) objective such a factor 
:he w between the front lens of the objective and the coversHp. The 2 mm. 
jective works very close to the object and rays passing from a dense medhua 
ass of the cover^p) to a less dense meditun (air) are refracted obliqudy 
twards so that many may miss the front lens of the objective altogetiier. Aa 
^brightness of the image depends upon the amount of light entering ttw 
}^ve, and the resolution dqyends on the effective aperture, tins x^roEtiaa 
%ht diminishes not oidy the brightness but the dari^.of the inuge. If, 
vever, the space between objective and the object is filial with abmei ^ 
‘^parent fluid with the same refractive index as glassi then tiie rays of.hgjit 
'not undergo refraction and pass directiy into the objective (see Fig. 45). 

most usual fluid to introduce betvmen tiie cdiject and the objective is oil m 
<tir which has a refractive index of 1‘515 — a figure winch k identical vri& 
^^^^"active index of hard crown glass. The refractive indkes of other 
used as immersion or mounting fltuds in hig^ magpification 
are: dried Canada balsam, 1*535, xydM*balsam 1*524, eupansl 
•jy Siycerol 1*460, water 1*334, and air 1*000. Each of these in^Mision 
ot has its otrn place in microscopy according to the of lens heiag wed. 
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Hie newer destgns of objecttves are so constructed that die c^cal train ia 
accommodated in a spring-loaded mount which effectivdy rfiminatMi tial 
to the unwary worker of racking down tlw objectiTe and damaging the cover. 
slip and sUde. 

Some objectives are fitted with an adjustable collar that may be turned to 
move the two back combinations of lenses in order to correct any spherical 
aberration introduced by the thickness of the coverslip. 



Fig. 45 

Diagram showing the paths of rays through 
(1) a dry lens (on right), and (2) an oil* 
immersion lens (on left) {after Spitta). 

Note the fe£ractioii of the oblique ny ABCD in pawing 
from the glow elide to air, as cx>mpared with the ray 
FBEG. L ia the front lens of the objective* 

Apochromatic objectives represent the highest degree of optical perfection 
and in consequence are very costly; it is only in critical research woik t^itii 
j^ossible to justify the expense of these lenses. In the apochromatic objective, 
li^t of at least three mfferent wavelengths (<x>lours) may be imted, 
aberrations are less, and the NA is usuglly higher, e.g. a good oil immersio'i 
apochromat may have an NA of approximatdy 1-4. Apochromats owe this 
property of almost complete colour correction to the use of the nu&ennl 
fluorite which endows the objectives with a brilliance and crispness of inmg^ 
not attainable with ordinary lenses, and enables the maximum resolving po^ 
to be obtained. Fluorite is so valuable optically because it posses^ a w 
degree of transparency; a low refractive index; and extremefy smtil dispe^on. 
A series of objectives containing a certain amount of fluorite, which are intC' 
mediate between iqrochromatic and achromatic objectives are known u 
"semi-i^podiromatic” or “fluorite” lenses; some of them have a perfonnani* 
wfa^ approsmates to tiuit of apochromatic objectives. \ ^ 

Apodhromatic objectives must always be usM with “con^pensst^ ^ 
pfeces (vUe infra) aim a fnoperly centred condenser (q.v.). 
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EYE PIECES 

The factions of the eye-piece are (1) the magnification of the real image, 
2) the formation of a virtual image of the real image produced by iSht objec- 
tive, and (3) to carry measui^ scales, markers, cross-hairs, etc. There are 
[nany different types of eye-pieces but the most generally useMaretimpteand 
comprise two plano-convex lenses with a circular field diaplu-agm hitei^posed 
between them according to the system devised originally by Il|uygens. 

Hvygemm eye-pieces are constructed with the plane surface of the two 
lenses facmg upwards and the diaphragm is situated between them at the focus 
of the upper (eye) lens. The lower or field lens collects the rays from as wide 
a field of view of the image as possible and focuses them at or near the plane of 
the diaphragm. The upper lens then magnifies this image. The diaphragm 
limits the field of view to the central and flattest part of the image and reduces 
glare (Fig. 46a). Huygenian eye-pieces are sometimes describe as ^ negative 



Diagram to illustrate the optical paths in A-an 
Huygenian eye-piece and B-a Ramsden eye-piece. 

^ars** because the focus occurs within the eye-piece. In 

Huygmiian eye-piece with a monocular tube is most genera%iisdEiu ^ 

^ S X ocii^ is also useful for locating the object without alterii^t& objective, 
not practical to use this type of eye^|^ at a 
even this magnification gives some faasiness of on^foe iind 
l^^dibinocidar microscopeS) 6x orSx eye-pieces ai^peiisetly^tiSe^ 
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owing to the division of the rtys, less light enters each eye-mece. With 10 x 
oculars d^nition is lost and the field is apt to be too dark when ordinary 

illumirumts are used. .... _r 

Samsden or positive ^e-piecet are constructed with the convex surface of 
both lenses fiwang inwards, the two toge&er forming a single l«is unit. In 
thh type of ocular the diaphn^m is placed externally bekm ^ lower lens and 
in this way has the advantage that any aberration or distortion of the lenses 
affects equally the imi^ itself and the view of any scale pla^ on the external 
ftiaphrflgtn (Fig. 46b). They are therefore admirable for micrometry and give 
more accurate results than Huygenian eye-pieces. 

Cowpensoting eye^pieces arc of the positive type and usually contain a 
triplet system as the lower lens component AbermtioM are carefully 
corrected by the makers and they are designed spedfic^y for um with 
p a rti >^»1ar objectives. They are essential for use with apochibmatic obj^ves 
Wch do not correct the tertiary spectrum, leaving it to beWrect^ in the 
eye-piece. Although designed specifically for use with apo&romatic objec- 
tives, they can with advantage be used with high power achre^ats; their use, 
however, with lower power achromats is to be avoided. 


CONDENSERS 

The function of the condenser is to focus light on the obj^; it is mounted 
in the substage with a rack and pinion mechanism for adjusting the focus and 
should be fitted with centring screws for critical work with highly corrected 

condensers are the simplest form of “chromatic” condensers and are 
often fitted to student microscopes. They are composed of two lenses neithei 
of which is corrected for spherical or chromatic aberration. They are, how- 
ever, cheap and eadly fitted and may be satisfactory for low power work. Thej 
should seldom be used in microbiology because they give a poor image a' 
higher magnifications. The light rays are not brought to an accurate focui 
and only a poor image of the light source can be obtamed. Thus, there ii 
flnruting of the image with stray light and considerable ^\ext results. Ii 
Aligning apochromatic and semi-apochromatic objectives it is assumed tha 
the light reaching the lenses is corrected and it is essential that a condenser o 

similar optical quality is used with them. 

ApUmaHc condensers contain a third or middle lens which corrects to 
sphencal aberration but not for colour. Such condensers give reasonabl 
results espedally when used with monochromatic light. . 

Ackronutic condensers, which approach objectives in their compl^ty, g>y 
the best results because they fdace most of the light where it is needed, ».«. « 
the plane of the object, and very little escapes to produce glare. 

■^e NA of a condenser should ideally be equal to that of the objectiv 
A good achromatic condenser has an NA of 1‘37 and supphes a 
li^ to the limit of its apertoe. This is adequ^ to M j 

highest power objective and is sufficient to meet the needs of all the conim _ 
u^ objectives. The NA of such a condenser can be adjusted to ^ « 
lower power objectives tw the use of the iris dimhragm ^ “ 

lowest W component. It must be remembered t^ die hig^es^^JJ 

and rise f « ‘t-- — i-— -w-t* 
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Centi^tiofi of llle Condenoer 

If the condenser mount of the microscope possesses centring screws, the 
centration of ihe cmidenser with respect to the objectives must be checked 
from time to time as follows. After the microscope and the illuminant have 
been set up as described (see p. 624), close the condenser iris diaphragm to its 
limit* Rack down the condenser untU the image of the condenser iiis appears 
in the field* If it is not concentric, adjust the centring screws until it is so. It 
will be of advantage to open up the condenser iris until its aperture is almost 
that of the field for the final centration. Then open the iris diaphragm fully 
and rack up the condenser to its normal position. 

For more detailed accounts of the microscope and its uses see Barer (1959) 
and Wredden (1947). 

Brief Specificatkm of a Microscope suitable for 
Routine Bacteriological Work 

Microscope, with coarse and fine adjustments, fitted with a removable 
inclined binocular body. Built-in mechanical stage with verniers, quadruple 
nose-piece, rackwork substage with centring screws. 

Objectives 

Achromatic 10 x (16-mm.). 

„ 40 X (4-mm.). 

Fluorite 45 x (3-5-mm.) oil-imm. (magnification and focal length may 
vary slightly according to make). 

Achromatic 95 x (2-mm. or ^^in.) oil-imm. 

Paired Eye-pieces 

6 X and 8 x . 

Condenser 

Aplanatic or achromatic. 

Note,-^a) Some makers supply a lOx objective specially computed to 
work with compensating eye-pieces. As it is an advantage 
to use this type of eye-piece with the other three objectives, 
it is recommended that this objective and compensating 
eye-pteces should be specified when ordering. 

(6) If micrometry or photographic work is to be done, an tnteiv 
changeable monocular tube is required. 

(<r) For dark-ground illumination, a special concentric condenser^ 
is necessary, and also a funnel stop for the objective, 
(d) When more than one condenser is used it is advisable to have a 
substage in which die condensers can easily be changed. 


MICROSCOPE LAMPS 

The ckrity and sharpness of the microscope image d^iend nqt only m 
excellence of the optical system but also on &e jUuminant emf^yed. a 

monocular instrument with an Abbi condenser, and partbularly leam 
powers, a 40- or 60-watt opal bulb in a simile lamp housing is sufibdeut« but 
for a modem instrument with an inclined mnocular body, well corrected oU- 
|mmmion objectives and an aplanatic or achromatic condenser, this type of 
muminant is far from satisfactory. Unless the bulb is muchover^riui 4s 
not suffiejent light to see small detads, and the advantages of modem optical 
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^sterns can be nullified by poor illuminatiDn. If the opd bulb lamp ia used 
it is of advantage to over-run the bulb, e*g, a 200-volt bulb on a 240-volt mains 
supply* The life of die bulb is shortened, but that is not a serious matter 
compared with the illumination obtained. The opal bulb should be in a well 
ventilated housing with a hood over the aperture to prevent direct light from 
reaching the eyes and should preferably be fitted with an iris diaphragm. The 
la^er is very useful for centring the light in the microscope field and helps to 
diminish glare. The amount of liaht required for a ^d visual image depends 
on mmy factors: the intensity of me bulb, the magnmcation used (for example 
less light is required for a 16-mm. objective than a 2-mm.), the amount of light 
in the room (less light is required if the microscope is at the back of the room 
Aan on the bench at the window), and the time of day (much more illumination 
is required if there is sunshine than on a dull day or in the gening). With 
microscopical work, therefore, the amount of illumination required is always 
changing and a sliding variable resisUnce of 250 ohms to carr^0*75 or 1 amp. 
fitted with a switch is strongly recommended. This is most desirable if an 
over-run bulb is used, and an absolute necessity if a high-intensity projection 
type of bulb is employed. The resistance is placed in series with the opal bulb 
and in series with the primary winding of the transformer if a low-voltage 
projection bulb is used. 

The full resistance should always be used when the lamp is switched on so 
that the bulb warms up comparatively slowly, and then the slide of the 
resistance is moved until optimum illumination is reached. With a change of 
objective the slide is easily adjusted to suit the intensity of light required, and 
this method of control is of great value when much microscopic work is done 
and where the objectives are changed frequently as in histological work. 


High-intenaity Lamps 

With binocular microscopes the amount of light reaching each tube is only 
about one-third of that of a monocular instrument as light is absorbed by the 
glass prisms. In consequence a more intense source of light must be used. In 
order that the whole of the field shall be evenly illuminated, a corrected lamp 
condenser lens is necessary and this must be capable of being focussed. An 
iris diaphragm in front of this condenser is essential, and provision for a filter 
holder, preferably of the sliding type, should be made. 

High-intensily lamps of this t^ are produced by several makers and a 
model specially suitable for high-power microscopy has been described 
(McCartney, 1951). This lamp uses a large “solid source*’ filament bulb of 
12 volt 250 watts capadty, but it is actually run at 6 volts and the intensity is 
controlled by a sliding resistance in the primary of the transformer. The lamp 
is not only suitable lor ordinary micro^py but is useful for dark-ground 
illumination and phase-contrast microscopy. Its high intensity ensures ample 
illumination even with dense filters. It is particularly useful for photomicro- 
graphy. 

It may be desirable sometimes to have a more intense l>eam of Ught than is 
possible with a 6-volt transformer, as when filters are required, with dark- 
ground illumination, or when high-power photomicrography is undertaken. 
In tibese oises a 9-volt transformer to take 18 amps, and tapped at 6 volts 
shodd be used. The 6-volt tapping k empbyed for ordinaiy work and the 
hi^er voltage output only for spedal purposes. 

Other sources of lig^t may oe used for special types d work, such as a 
merolfy vapour lamp lot fluorescence microscoi^, or even a hi^-intensity 
]>C asrc-lan^ m in onephotomioography. ^ ^ ^ 
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light Ffltort 

A blue daylight filter such as is supplied by most manufacturers ^oidd be 
fitted in the subs^ ring underneath the microscope condenser when artificial 
light is used. Filters, however, are not specially r^uired in bacteriolc^^ 
work except for Ae methods used in fluorescent microscopy p. 632, \Vliere 
much microscopic work has to be carried out, particularly with unshuned 
objects as in dark-ground illumination or phase-contrast microssepy, the use 
of a pale-green filter, Wratten No. 66 (supplied by Kodak Ltd.) can be 
recommended. This filto cuts out glare, sharpens detail and is very restful to 
the eyes. After a short time in use, the green colour is not noticed. It can also 
be recommended when searching for malaria parasites or tubercle bacilli In 
the latter case the organisms appear darker and are more easily recognised 
when only scanty individuals are present. 


ILLUMINATION OF THE OBJECT 

It is common practice in microbiology to use a high-intensity lamp with a 
binocular microscope and it is important for the worker to obtain the full 
advantage of this apparatus. It must be remembered that high-intensity 
lamps have their own optical axis which must be aligned with the optical axis 
of the microscope. It is recommended that the Kdhler method of illumination 
is used because it has the great advantage of providing a variable, uniformly 
illuminated field of view even with an irregular light source. The essential 
features of Kdhler illumination are (1) the condenser lens of the lamp focuses 
an enlarged image of the light source (the filament) on the iris diaphragm of 
the substage condenser; (2) the image of the iris diaphragm in front of the 
lamp condenser is focused on the object plane by means of the substage 
condenser. 

Method of using a high-intensity lamp: 

(1) Rack up fully the substage condenser of the microscope. 

(2) Check that lamp filament has been centred correctly with respect to 
the lamp condenser lens. 

(3) Place the lamp so that its distance from the mirror is 8-10 in. 

(4) Switch on the lamp, open its iris fiilly and decrease the resistance so 

that there is a bright beam of Ught shining on the plane side of the mirror. 
Adjust the lamp by altering its vertical tilt and by movii^ the base so that the 
beam of light is in the centre of the mirror. ^ 

It is important to ensure that (a) before switching on the lamp die full 
resistance is in and then for the illumination to be increased or decreased as 
desired, and (6) before switching off the lamp the bulb is dimmed to die full 
amount If these precautions are taken, the life of the bulb will be mudi 
prolonged. 

(5) Close the substage iris diaphragm and focus the lamp condenser so 
fiutt a sharp image of the filamoat is obtained on the dosed ^fi^^agnou A 
amall hand mirror, placed in a suitable place on the bench, militates this 
numoeuvie. 

(6) Open the substage iris diaphragm and move the lamp backwards or 
forwards until ^e «ae of the image eff tiie fikmeid is large en^ 

lowest lens of tile mioosoipe omidenser. 

(7) Pull bad: the redstance until the light is nxudi dtmiiied,,|liN»i^ t 

specimen with good contrast on tiie stage and hm it u^ the 
objectivstobeused. 
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(8) Close the lamp iris and adjust the mirror so that the image of this iris 
is in the centre of the field. 

(9) Open the lamp iris until its image just fills the field. 

(10) Remove the eye piece and inspect the back lens of the objective. An 
ima^ of the filament should be seen to be symmetrically placed and large 
enough to fill the back lens of the objective. 

To obtain the maximum definition, the lamp iris should be closed and 
focussed in the field for each objective. These adjustments, with practice, 
should only take a few seconds; they are possible with the 16 mm., 4 mm. and 
3-5 mm. oil immersion objectives but not with the 2 mm. oil immersion 
objective. 


DARE-GROUND ILLUMINATION 

This method renders visible delicate organisms, such as theWirochaete of 
syphilis, which cannot be seen in unstained preparations witn an ordinary 
microscope. . . . \ 

By means of a special condenser the specimen is illuminat^ by oblique 
light only. The rays do not enter the tube of the microscope, and, in con- 
sequence, do not reach the eye of the observer unless they are “scattered** by 
objects {e.g. bacteria) of different refractive index from the medium in which 
they are suspended. As a result, the organisms appear brightly illuminated on 
a dark background. 

Three requisites are necessary for adapting a microscope for dark-ground 
illumination: 

(1) A “dark-ground** condenser. ' 

(2) A suitable illuminant of sufficient intensity. 

(3) A stop which reduces the numerical aperture of the objective to less 

than I'O, if the ordinary dUimmersion lens is used. 

The Condenser . — ^A special condenser must be employed and may be of the 
paraboloid or of the concentric spherical reflecting type. The latter is recom- 
mended. The function of the special condenser is to focus the light on the 
object, the paths of the rays being such that no direct light passes into the 
front of the lens. Figure 47 shows the paths of rays through the concentric 
reflecting condenser. The condenser should be furnished with a centring 
device, and it must be emphasised here that success with dark-ground 
illumination depends on the accurate centring of the condenser. There must 
be immersion oil between the slide and condenser. 

The Bbmanant . — ^A lamp of sufficiently powerful intensity should be 
employed. . * 

If direct current only is available, the small arc lamp or the “pointoHte 
lamp (a prq>rietary name appUed to a^amp consisting of two tungsten 
electrodes in a vacuum across which an arc is struck) should be uimhI. The 
“pointolite** is more convenient to use than the arc lamp. ^ 

Alteniating current is now almost universal, and ffigh-mtenrity lovr- 
voltage lamps woiked through a trantformer and having a condoasing lens are 
satMactory for this purpose (p. 618). Complete lamps are obtainable from 
severid rnakets* 

The Fmmd Wh<ai tibe objectives employed for^ dstk-f^ound 

iUondnsdon have a numerical iq>ertaie of inoie liian 1*0 (as in tins cau ot 
ordiaaty oiMpmetsiota lenses), a ipedal stop to reduce die NA to lew 
IK) mast be emp^ed. TMs coiaists of a simjl fbnodi«riiaped giwe 
or vulcanite wl^ fits into the objective behind tiie back lei^ It is advi8«>‘‘ 
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to prociue titt stop from tiw nudcer of the lens employed. The stop is tMy 
litserted end removed, end the objective can at once be converted fwordinaxy 

use. 



Fig. 47 

Diagram showing the paths of rays through the condenser 
and a i^^-in. oil-immersion lens fitted widi a funnel stop. 

AB and CDC are reflecting surfaces. The surface at CC is 
opaque. E. Leitz.) 

Alternatively an objective adaptor ^ with a small iris diaphragm, may be 
used. The front part of the oil-immersion objective is removed and screwed 
to the adaptor, which then takes the place of tibe objective on the nose-ptece. 
The numerical aperture of the objective may be reduced as desire by 
manipulating the iris diaphragm in the adaptor. Some makers incorporate an 
iris diaphragm in the mount of the objective itself so that it can be used for 
bright or dark-ground Rumination without further alteration. 

Certain manufacturers have introduced for dark-ground ilhunmation wit|i 
bicentric condensers, special otl-immersion fluorite objectives, which are used 
without a funnel stop. These are 2 mm. NA 1*15, and 3.5 mm. NA<1*9S. The 
latter lens (referred to on p. 617) can be recommended for routine dark-ground 
observation at low mi^poRcation. 

The The preparation should be as thin as jpossible in order 

to secure a satisfactory dark background^ and so that flhe moving ob|eci!s slndli 
as as possible, be in one plane. A preparation which is too thick 
diminishes the contrast in the dark field, and in order to obtain salts&ctioiy 
contrast the dijective has to be stopped down considenUy, thus dtmmiiimsg 
its resolving power. The preparation should not be too dense, othetwise tba^e 
is an excesttve number m partides ’t^ch ^‘scatter” the fight* Thfc'cainws 
lack of contrast even to a greater degree than a thick preparation. Some 
laanufactur^ sutKply spedal cells for dark-ground worit so that when the 
ipyersUp is placed o^r die cdl the prepara^ has a defmite mid unifioain 
bicknesft. 
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The thickness of the slide employed is important The slides should be 
1-0-M mm* thidc, and when a smtable supply has been obtained they should 
be used only for dark-ground work. They should be thoroughly clean and 
free from grease. The object to be examined must be at the focus of the 
condenser, the focal length of which is about 1*2 mm. If, therefore, too thidi 
a sUde is used, the focus of the condenser will be below the specimen and poor 
illumination result; if the slide is too thin, the distance between the con- 
denser and slide is such that a large amount of oil must be employed to make 
contact. 


Method of using Dark-Ground Illumination wiA 


the Oil-Immersion Olijective 


i 


The microscope with special condenser, and with the NA of tthe objective 
reduced by a funnel stop or iris diaphragm adaptor, is placed iiu front of the 
illuminant. It is advisable to have the microscope in the upright position and 
not inclined, to avoid running of the oil. The condensing lens onthe lamp is 
adjusted so that a slightly converging beam of light is obtained.' With the 
plane side of the mirror, direct the light into the dark-ground condenser. 
Using the low-power (|-in. or 16 mm.) objective, focus the surface of the 
condenser so that the engraved concentric rings on the surface come into view. 
These rings show the centre of the condenser, and if the condenser is out of 
centre adjust the centring screws so that the rings become concentric with the 
edge of the field. 

Should the condenser have no engraved rings the centrinjg may be 
accomplished as follows. 

A slide preparation is placed on the stage, and oil contact between it and 
the condenser established. The preparation is focussed with the l-in. 
objective, and, if the mirror is properly adjusted, a bright ring of light is 
noticed in the field. Focus the condenser cautiously up or down so that the 
ring of light contracts to the smallest bright spot obtainable. If this spot of 
light is not in the centre of the field, alter the centring screws of the condenser 
accordingly. 

The accurate centring of the condenser is of the utmost importance and the 

tion oEu^d* The p^paration to be ^cEmined must be covered with a No. 1 
coverslip, and it is advisable to ring round the coverslip with petroleum jdly 
to prevent evaporation. Place a large drop of immersion oil upon the under 
surface of the slide and also on the upper lens of the condenser, and a similar 
drop on the coverslip. Place the slide on the microscope stage, taking care 
that the upper surface of the condenser is well below the slide, Radi up the 
condenser until oil-contact is made between the whole surface of the upper 
km of the condenser and the slide; then bring the oil-immersion lens into 
positbn sp that it touches the oil on the coverslip. Now carefully focus the 
i^pectmen. A slight adjustment of the condenser, up or down, may be 
necessary, and some manipulation of the mirror may also be requir^. Alter 
a litde practice an evenly illuminated field with an intensely dark badcground 
and brmkntly lit objects may be obtained with a minimum of trouble 

Where much dark-ground work has to be done, it is recommended 
lhat a microscope be reserved solely for this work and kept ready v4tb the 
ilhimkiant in poMtion, so that it is dways available for immediate use^ It is 
opnyenioit tohavc tiie lamp and microscope fixed to a board fmr tiiis 
The micioscope, when not in use, should be covered to exdude dui^ 
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A£tM use, tl»e condmser and objective should be caxdbdly wiped Ihee 
itoiXk oiL ^ 

Dark-Ground llluinination wW. f «««| 
Medium-Power Leusee 

Dark-ground illu m i n ation is easily obtained with a low^tpow^ lens ydiose 
NA does not exceed 0*3, 0 ,g. the ^in. objeedve, by planne a o^tral natch or 
stop below the condenser. Most inanu^mirera mpp^set of stops vdikh 
fit mto the ring below the iris diaphragm. Altemativdy, a circle of glass wiA 
a central patch of black gummed-paper about 10-12 mm. in diameter may be 
used. The ordinary source of illumination is quite sufficient. Such dark- 
ground illumination may be used for observing slide-agglutination and for 
cells, casts, etc., in urinary deposits. With the higher power dry lenses, 
however, it^ is not so easy to secure satisfactory dark-ground illumination 
unless special condensers are used. Some microscope manufacturers make 
dry dark-ground condensers to work with ^in. objectives up to numerical 
apertures of 0*65, but these are expensive and usually require a h^h-intmsity 
lamp to work satisfactorily. The results, however, are very beautiful. 

Where the NA of ffie objective does not exceed 0*65, dark-ground 
illumination can be secured wiffi an “achromatic” or “aplanatic” 

(not Abb6 condenser), an expanding iris or suitably large central stop 
used. As such condensers are suitable for ordinary microscopy it is possible 
to change over from direct transmitted light to dark-ground ilhimmatinn, 
without removmg the condenser, by merely inserting the stop. A Ifigh- 
intensity illuminant is, however, necessary, and immersion oil is placed 
between the condenser and slide {vide supra). An intermediate objective 
adaptor vtith iris diaphn^ is often of value in reducing ffie NA of the f-in. 
objective sufiiciently to obtun a uniform dark field. 

PRACTICAL mSTRUenONS FOR THE USE OF A 
MICROSCOPE 

When an observer has to examine a specimen for a long time, as wh^ 
scanning a film for tubercle bacilli or midaria parasites, he must acU^t a 
comfortable position with tiie height of his chair adjusted so that the oculara of 
the microscope are level with his eyes. Many workers who wear spectad^ 
are able to dispense with them vdien using a microscope. If, however, the 
visual defect is tiiat of astigmatism spectacles will often need to be worn, utd 
if this is so workers must me care to avoid contact between the eye-]Heoe and 
the qjectade lenses or they may scratch each other. If a monoc^ micro- 
scope is used the worker diould keep both eyes open if possilde, in otder to 
reduce strain. It is wise to ease tite burden on the eye by diangjng ftom otM 
eye to the other from time to time. Both forearms should rest on the tiddo, 
and if th«e is no mechanical stage the slide is moved with the left hand ^faile 
the rq^tt hand controls the fine adjustment. B^ore b^jnmng to examine a 
speciinen the mictoseppe is checked to ensure that: 

1) the objectives are dean and free from iimnerdon oil; 

|2) the eye {Mcces are free from duM; 

3} the plane side of the mirror is in position ; . ... 

(4) the substage condenser Is raided up until its top sur&ce is 1^2 nmu 
bchivr d>ject slide. 

poA it is recommended that aitifidal ^t shnidid 



624 MS0ICAL MICROBIOtOOV 

always be used. A 60-watt opal bulb or a high-mtensity lamp (see {>. 618) is 
employed according to the of microscope used. It is not advisaUe to 
place the microscope at a window because daylight, and especially bright 
sunlight, entering tne eyes rcoiders Virion less acute* A suitable arrangement 
is to use the microscope on a table at one ride of a room so that the observer’s 
back is to the window. 

When examining an object, using a simple 40- or 60-watt opal bulb lamp, 
the manipulations of the microscope should be carried out in riie folbwing 
order: 

(1) Set up the microscope, place the object on the stage, and adjust the 
plane side of the mirror to the illuminant so that the light is reflected into the 
condenser. 

(2) Focus the specimen with the low-power objective, using the coarse 

adjustment. I 

(3) Manipulate the mirror until the image of the illuminant is seen in the 

centre of the field ; if the lamp has an iris diaphragm this shoum be closed and 
the mirror adjusted until the aperture of the iris is concentric mth the edge of 
the field. Rack the condenser up or down until the edge of the iris is sharply 
focussed. ' 

It is essential, particularly when examining tissues, to use the low power 
first, in order to locate organisms and observe the tissue changes. A suitable 
field having been obtained, the slide must be kept in place by means of the 
right-hand clip if a mechanical stage is not used. 

(4) Rack up the objective a short distance and place a drop of cedar-wood 
immersion oil on the portion of the specimen immediately below the objective. 

(5) Raise the condenser so that its upper surface is practicaUy level with 
the stage. (This is not necessary if the lamp iris has been focussed as in (3).) 

(6) Make sure that the iris diaphragm of the substage condenser is widely 
open. 

(7) Rotate the nose-piece until the oil-immersion lens is in position. 

(8) With the eye at tht level of the sta^e and using the coarse adjustment 
lower the objective until it makes contact with the oil ; at this moment iht drop 
of oil ^^lights up”. Next, the objective is gently lowered a little further towarcU 
ihe slide but great care must be exercised not to carry this movement too far or 
too harshly. The working distance of oil-immersion lenses is extremely short 
and there is a great risk tlmt with pressure, the tiny front lens of the objective 
may be displa^d and its performance ruined. Some modem objectives, but 
not all, have a special guarding device to prevent this, or are set in a ^ring- 
loaded mount 

(9} Apply the eye to the microscope and observe if the field is well 
illuminated ; if not, adjust the mirror until maximum illumination is secured. 

(10) Ne^ rio^ and carefully focus up with the coarse adjustment until 
the object is brought into view and then use the fine adjustment to secure a 
sharp focus. 

In using a binocular microscope the same directions should be observed, 
but, in addition, the ^-pieces shomd be adjusted to the correct inteipupillary 
distance of the observer when the specimen is focussed with the low^wer 
objective {vide direction No. 2). 


CAM OF THE MICROSCOPB 

The microscope is an instnimmt of precisbn, and care must ta|en to 
preserve its accur^. Ihe instrument should be kept at a 
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tate and not exposed to sunlight or any source of heat When not in Use it 
must be protected from dust under a transparent plastic cover or in its box. 
Failing these, it should be covered vdth a clean cloth. The nucro»:ope ^ould 
be cleaned at intervals, and its working surfaces very ligbidy smeared witiii soft 
paraffin. With binocular microscopes dust may collect on die surfaces of the 
prisms. This may be rem(wed by passing a soft-camel*!^^ bm^ down the 
eye-piece tubes after removing the eye-pieces. On no account miM prism 
case be opened and the prisms removed, as this wffl completely alter the 
optical alignment and necessitate the return of the instrument to the maker 
before it can be used again. 

If the microscope has to be moved, it should be lifted by the upright limb 
and not held by the body-tube. 

The oiUimmersion objective must be cleaned each day after use by ^ping the 
front lens with a well-washed silk or cotton handkerchief. Altemarively, a fine 
tissue paper known as “lens paper” may be used (boofa of which are supplied 
by most manufacturers), and this is very suitable for the purpose. Oil 
remaining on the lens-front dries and becomes sticky; later it hardens and is 
then difficult to remove. Canada balsam accidentally present on the lens from 
a mounted microscopic specimen may also dry hard in the same way. When 
cleaning the objective do not use alcohol, as the cement that unites the com- 
ponentlenses may be soluble in alcohol, and, in consequence, the lens systems 
may become disorganised and the objective spoiled. Benzol or xylol must be 
used to remove dried oil, and if the oil is hard, repeated applications on a soft 
cloth are necessary. 

Dry objectives — e.g. f-in. and — are cleaned with a piece of well- 

washed silk or fine cotton, or lens paper. If any oil or Canada balsam is 
accidentally present on the front lens it must be removed with a soft cloth 
moistened in benzol or xylol and the lens quickly dried with a soft cloth. On 
no account must the component parts of an objective be unscrewed. 

Eye-^eces from time to time may be contaminated with dust and fuzzy 
specks are seen in the field of view. The trouble is easily located because the 
specks move when the eye-picce is rotated in its mount* If the dust is situated 
on the upper lens the spccis will move if the eye-piece is raised a littic wi& 
one hand while the upper lens is unscrewed with the other. If the dirt is bn 
the bottom lens the 8ped» will move when the lower component is roteted. 
When the position of the dirt has been located, remove it by blowing a jet ^ 
dry air on it with bellowB or a large rubber teat. Altemativdy, use a soft 
camel-hair brush. If the brush is held for a few seconds against a hot deeme 
bulb it acquires an electtic charge and will riien attract dust partides^asd^ 
If these methods fail then use a silk cloth or lens paper moistened ^ 
distiUed water. Never rub the surface of a lens with a dry doth because any 
hard partides on its surface may scratch the glass. 


COMMON DIFSICOLTl^ IN MICROSOOCT 

A number of troubles may be encountered by tho^ beginning microscoi^ 
and the fdihwm hints are mven to hdp overcome them: 

(a) Chedrthatftteteisnodutordncdodadher^tmthefrontkw 

. <riMecthre. If thi(*e is cleso h off {vide . Kbm iwt 

{b) ffwt ff»e microscope dide carrying Ac object has not been pet 

; in upn& dosm. 

2r 
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(c) Check that the immersion oil being used is not so viscous that tile slide 
adheres firmly to the objective and travels upwards with movements of 
the coarse adjustment. 

(d) Check whether the specimen slide and coverslip has a film of dried 
immersion oil and dirt left on it by a previous viewer. 

(e) Some high«*power objectives have so short a working distance tiiat a 
tiiick covertiip or a thick layer of Canada balsam beneath the coverslip 
may prevent the objective approaching near enough to bring the 
object within its focal length. 

If none of these steps improves matters, exchange the objective with one 
from another microscope ; if a sharp image is obtained with the new objective 
the faulty one should be returned to the makers. I 

2. A dark shadow passes into the field with loss of definition of the image. 
This is usually caused by the movement of an air bubble in the immersion oU. 
The trouble may be cured by raising the objective so that the contact between 
the oil and the objective is broken and then refocussing. If this fails, clean 
objective and coverslip with a little xylol and begin again. \ 

3. Poor illumination or the field of view in semi-darkness: 

{a) Check that the flat and not the concave surface of the mirror is being 
used and adjust the mirror so that the light beam fills the field of 
view. 

(i) Check that the condenser has been racked up to its full height. 
Occasionally it slips downwards in its mounting ring and must be 
pressed up as far as possible before it can be racked up close to the 
microscope slide. 

(£) Check that the substage iris diaphragm is fully open. 


EXAMINATION OF LIVING UNSTAINED ORGANISMS 

In the case of bacteria, “hanging-drop” preparations are frequently used 
for this purpose, and a glass slide having a circular concavity in the centre is 
employ^. 

There should be no difficulty in observing a satisfactory specimen if the 
following procedure is adopted: 

(1} By means of a match dipped in petroleum jelly, a ring or square (accord- 
ing to the shape and size of the coveidip) is outlined round the concavity. 

(2) With a wire loop place a drop of fluid containing the organisms on a 
coverslip laid on the ben^. 

For this purpose a fluid culture is used or the condensation fluid of a slope 
culture. A further alternative is to emulcdfy a mall amount of culture from 
the surface of a solid medium in a drop of broth or normal saline, taking 
care that the emulsion is not too dense. 

(3) Invert the slide over the coverslip, aUowtng the glass to adhere to the 
vas^e, and quickly turn round the dsM so that the covertiip is uppermost. 
The drop shomd then be “hanging” from the coverslip in the centre of the 
concavity. 

(4) Fkace the slide on the microscope, rack down the condenser slightly 
and partially dose the iris diaphragm. (Excessive illumination renders the 
or^^amsnis invisiUe.) 

(5) With the low power objective, focus the edge of the drop so it 
i^ppeaiB across the centre of tile field. 

(6) Turn the high-power (|-m. or 4-min.) lens into pomtion and focus the 
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etto (rf the drop. Obt^ the best illumination by lowerioff or aMna idiB 

« ^*”***^^ 1 ^ « hanging-drop preparation, a film (rf the flifikl 
coveraUp may be used, but in this case Ae ^ 
b. «.M ™a, v»dine or .rf » p,^ 

Motility of orgasms can be detected in this way. and their shane 

^ ^ o»l-«nmerMon objective. Owing to die 

ri S* ^ focussing, aS^ents 

orgSs^ ^ produce an appearance of motiUty in the 

It IS e^tial to (totin^h between true motility, where the organism 
changCT Its position m the field, and Brownian movement, which is an 

zsa ns“* »!■»«»»" b«di„ („b«h„'Bvi.g 0, 

A warm st^ is very convenient when examining fresh unstained prepara- 
tions for amoebae and other protozoa. There are several types of warm stage 
available, TOme of which consist of a thin, flat metal box fiUed with hot wat«, 
or through wluch warn water can circulate, and having an aperture in the 
c^tre by the light passes to the preparation* Improved forms are 

electrify h^ted and have an automatic temperature control. The v^rm 
stege ke^ the preparation at body temperature, and enables the movements 
of organisms to be studied, as these movements may cease if the material is 
kept for any length of time at room temperature. 

A simple warm stage may easily be improvised from a sheet of thincoimer 
08-gauge) shaped like the letter T, with the long arm 5-6 in. in lei^ 
The top of the T IS the size of a microscope slide (3 in. x 1 in.) and in the 
centre is an aperture J in. in diameter. The copper T is placed on ttm 
imcroscope stage Muth the long arm projecting forward, and the aperture over 
the condenser. The preparation is placed on the copper strip and secured by 
the stage clips. The projecting part of the T is warmed by means of a 
small Bunsen flame or spirit lamp. Care must be taken that the preparotioo is 
not overheated. 


MICROMETRY 

bacterioh^cal work the unit of measurement is 0*001 nun., deu^iated 
a moron or ft. The measurement of microscopic objects is accom pliahed by 
means of the stage micrometer in conjunction with a micnuneter qre-poe^ 
The stage micrometer consists of a 3 X 1 imslideonwhidiisamOBmetiesdrie 
graduated in hundredths of a millimetre. This scde may be engraved, but is 
usually nrade by a photographic process. The micrometer eye-piece omisistB 
of a fecial vye-piece in which a graduated scale, mounted on th^ 
of a positive type eye-piece, can be focussed by means of the 
<ye-lettt. 

VHhiax measurements are to be made, the micrometer eye-piece is msexted 
into the ^w-tube, the tube length is accurately noted, and die niUngs <m the 
stage microaneter fooissed by the appropriate obj^ve acoorcyng to the otn 
of the object to be measured. The number of tfivisioasim the eye-piece scale 
correqiondiiM^ a definite nurnhor of tUvirions of the iniHiinetre stage eeda^ij 
deterniiiied. The stage inicroineter is reinoved, and the object tube ineeaiittciil 
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is next focussed. The number of ^visions of the eye-jneoe scale which just 
cover the object are noted. 

The millimetre value of eadt division of the eye-piece scale depends on the 
objective used and the tube lei^[di employed, and is usually detenmned each 
time a measurement is taken. Sometimes it is advisable to increase or duninish 
the draw-tube lei^th or to move die adjustable collar of the objec^ve so that 
the stt^ and eye-piece scales coincide or bear a geometric rdatbn to each 
other — e.g. 1 division of the former to 10 of the latter. 

Exampk: Using a objective and a 6x micrometer eye-piece at 165 
mm. tube len^, it was found that 100 divisions on the eye-piece scale exactly 
covered 11 divisions of the stage micrometer. Each ^visi^n of the stage 
micrometer is mm. 

100 eye-piece divisions 11 stage divisions 
1 eye-piece division 

1 eye-piece division, therefore, with the 
given objective, eye-piece and tube 
length 

The stage micrometer was removed and a stained slide of blood showing 
malaria crescents was substituted. The diameter of a red blood corpuscle 
covered 7 divisions of the eye-piece scale — i.e. 7*7 /a. A polymorph leucocyte 
covered 11 divisions, while the length of a malaria crescent was equal to 10 
divisions, showing the sizes of these objects to be 12*1 fx and 11 /Ji respectively. 

If the draw-tube is so adjusted that 1 division of the stag^ micrometer 
equals 10 of the eye-piece scde, then each division of the latter corresponds 
to 1 jX. 

The Screw Micrometer Eye-piece employs a vertical fine hair line which is 
made to traverse a fixed scale situated on the eye-piece diaphragm. The eye- 
piece is of the Ramsden, or compensating, type and is fitted with an accurate 
screw contained in a drum which is divided into a hundred parts, each of 
which represents a displacement of O-Ol mm. of the hair line. The feed scale 
is not intended for direct measurement but is constructed so that with each 
complete revolution of the drum the hair line traverses one division. Calibra- 
tion is made by comparison with a stage micrometer (Needham, 1958} in the 
way described for the eye-piece micrometer (ynde suj^d). The screw micro- 
meter eye-piece is more precise and accurate than the eye-piece micrometer 
and measurements to one-hundred^s of the fixed scale divisions m possible. 

Photographic Method of Micrometry. — ^An accurate method is to photo- 
g^h a Sm of the organisms or cells under a high magnification. Wi&out 
disturbing the microscope or cunera, the slide is removed from the microscope 
st^ and the stage micrometer subsdthted. A photograph of the stige 
micrometer is then taken at exactly the san» magnification. By means <£ a 
pair of fine dividers the lei^;th of me or^ism on the print is taken, and its 
exact measurement found by wplying tim distance to the micrometer print. 

Eketron-nderosmpical Memoa Micrometry.— ^yptaseX m^ods of imcto- 
metiy have, to a large extent, been refdat^ by decfi:(m-microaco{»cal 
tedmiqpes. A suitable suspenrirm of the organism to be measured is made 
andtottisadded asuspotaioadF ktexmiticlesof knovm (Uaineter(e,g. 250 
furSOm/n). Measuremmitsofiheot^upsmaodiherefnfeiicepartidMonriie 
decttonmicrograjA give a highly accurate estimate of rise. Xtmuat,ii0wevM'> 
be resnember^ that during examination in the electron miCNlsecipe an 
oigaoism may be distorted by drying or heat Most of these difiSet^^ss, 
however, can be overcome by catmul fixation (see p. 638-639}. 
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PHASE CONTRAST MICROSCOPT 

One of the difficultieB of examhung microscopkally livixig, unstsiiied 
biological specimens is that they are immersed in a fluid aliwmi: the «»««« 
refractive index as themselves. In order to see them diatiikcfly it is neoessaty 
either (a) to close considerably the iris diaphragm, titetchy reducine the 
numetiou aperture, or (() to use dark-ground iflumination. The latter 
procedure is satisfactory very small or dender objects such as qnio- 
clmetes, but its use in bacteriology is limited. 

By means of phase contrast microscopy, it is possible to examine living 
cells with the full aperture of the objective. In consequence internal details 
are effectively brought out. 

Phase contrast microscopy can be used with any type of microscope, either 
monocular or binocular. 

It is necessary to have: 

(1) A special condenser which usually incorporates a rotating metal di»lf 

carrying a series of annular diaphragms. These are disks of glass 
rendered opaque but with a narrow ring of clear glass. Eadt 
objective requires a different size of annulus according to its 
numerical aperture; thus, for the 16-mm. objective ffie ring is 
narrow and about 4| mm. in diameter, whereas for the 2-mm. 
objective it is wider and about 18 mm. in diameter. The size of the 
aimulus is such that the condenser forms an image of it in the back 
focal plane of the objective. 

(2) Special phase objectives. These are ordinary objectives at the back of 

which, ue. in its back focal plane, is inserted a phaM plate consisting 
of a disk of glass having a circular trough etched in it and of such a 
depth that the light after passing through it has a phase difference of 
a quarter of a wave-lengtii compared with the rest of the plate (see 
Fig. 48). 

The objective is focussed on the specimen. The appropriate annulus for 
the objective is rotated into position under the condenser. The condenser is 
focussed so that the image of the annulus is superimposed on the phase 
plate at the bai^ of the objective. A special telescope (supplied with the outfit) 
is inserted in place of foe eye-piece and through it the bad: focal plane of tiae 
objective is observed. The annulus and phase ring should cdndde. Iffoey 
are not exactiy coincident the centrii^ screws under the condenser are 
adjusted to achieve this. The eye-piece is now re-inserted and the qpedmmi 
examined. 

All powers of foe microscope can be used, provided that «ich objective has 
its own phase plate fitted, and there is an apprt^riate annuhia fiw it bdow foe 
condenser. 

The prmo^ briefly is as follows. If a diffraction grating is ex- 

amined under tte nucroscope, diffraction spectra are formed in foe badtfocal 
plaim of the objective. The detail observed in the inoage is due to interference 
betwemi foe direct and diffracted beanos. Unstained objects such as bacteria 
or cdh ouy be oonridered as riinilar to a difonction ^[rating: tiiat foe dteail 

arnnste of alternate strips of material vafo fo^ly 

throufo which light acquires small phase differences, and these form, % 
imag^ aimmnatioD. however, such slight, fogerqioei ate 

almost cmnpleteiy obaciued by foe in^rri^ «rf the direct 
hardly tsoy detail can be obserw at an. 
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silver or other metals so that the intensity of the direct beam is much xedubed 
tod approach^ that of the diffracted beam. In consequence of this> and as the 
iliutninalion is much restricted by the narrow annular diaphragm, a high** 
intensity lamp must be used. o 

Pha^ contrast microscopy is most valuable in generid biology, but less 
application in ba^nologmal worlt. It is useful, however, in estouning the 
growth and subdivision of bacteria, flagellar movemein, intestinal tod other 
protozoa, such as amoebae, Trichommas, etc., and living blood cdls. 

The Iiiterfeieiice Microscope permits the measurement as w^ as the 
obsetyation of the various phase changes produced by transparent objects* 
The illumination system spUts the light reaching the object into two beams i 
one passes through the object while the other acts as a comparison beam. 
Both bean^ may, in fact, pass through the object, but the image in one is out 
of focus with respect to that in the other. When the two beams are recombined 
they are allowed to interfere and the image of the object is defined by inter- 
ference contrast in the field. 


The Baker-Smith and Dyson interference microscopes both employ a 
built-in rotating polariser and a rotating analyser graduated in degrees. A 
qu^er wave retardation plate of mica is placed below the analyser. The 
optical systems used are complex and for further information the reader 
should consult a monograph by Hale (1958). 

Phase differences in the object up to 1/300 wavelength can be measured by 
the interference microscope and from them, with the aid of a mathematical 
formula, the refractive index of living cells can be calculated. By immersing 
cells in media of different refractive indices the concentration of dried sub* 
stances in them can be estimated. Thus, interference microscopy can be used 
to determine the dry mass of living cells or their nuclei and as a quantitative 
cytochemical method (Davies et 1954). 


FLUORESCENCE MICROSCOPY 

When certain materials as, for example, uranium ores, uranium glass, oil or 
fat droplets, solutions of aesculin and various dyes, are exposed to ultra-violet 
(UV) fight, they alter the wavelength of the invisible light and so become 
luminous and are said to fluoresce. If tissues, ceils or bacteria are stsmed 
a fluorescent dye and are examined under the micnwcope with ultra-videtfii^ 
instead of ordinary visible fight, they become luminous and are seen as brj^to 
objects agaimt a dark background. Moreover, these fluorescent dyes haW ai 
seiective action for the various microorganisms and cells and for their con- 
stituents which thus become readily recognised and identified. Dyes spedally 
suited for fluorescent staining are auranune O, acridine orange R> berl^nine 
sulphate, primulin, thiofiavin S, trypaflavine, thiazo-yeUow G, and moriii. 


Immimofliicireacenoe 

Certain other fluorescent dyes can be used to labd s^um 
They are coupled to gamma globulins (or to any chosen protein) by chens^y 
leactive groups and render the resulting oonjugatce fluorescent Two mee 
are used, fluorescein isothiocyanate which has a brilhant apple-green 
and liMflmiw r Wamin#! R (RBMO) wfaich hy to orange colooTt 
antisera have an importtot apjdication in immunolo^pcsl work aiid^ 
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techniques of immunofluorescence are described in Qiapter 54 and by Nrim 
(1964). 

Man]r manufacturers supply complete units for flu(»e8cent microscopy but 
it is possible to adtq>t the ordinary microscope for tiiis work. 

The most satisfoctory %ht source is a l3%h preamue mercury vapour lamp 
and is preferred to the tungsten or carbon arc lamps formerly used because rt 
emits a very powerfol beam of ultra-violet light at a steady intensity. The 
wavelength range required is 290-325 mfi for fluorescein and 310^350 m/i for 
rhodan^e; these two dyes have emission peaks at 525 mjbt and 595 m/* 
respectively. The HB200 (Osram^) lamp is recommended for this purpose 
and has a wavelragth range of 280-600 m/i with peaks at 365 and 435 m/i. 
The lamp requires a special starter unit to provide a high tenrion initial 
impulse to start the mercury arc, followed by a continuous flow of low tenrion 
current to maintain the lamp. The average life of an HB200uamp is 200 hr. 
and it is wise to keep a record of the burnii^ time. The iWp should be 
enclosed in a protective housing because there is a small risk onexplosion that 
increases when the lamp u used beyond its stated life. Within the housing an 
aluminium-coated reflecting nurror is needed and adequate centring devices 
are required. 

The collector lens of the lamp should be made of ultra-violet transmitting 
crown glass or, better still, of “fused quartz” (quartz glass) because it is more 
heat-reristant than ordinary glass. Quartz condensers, and lenses in the 
optical path are, however, quite unnecessary and in any case they are extremely 
expensive. Thus, the al^nce of quartz condensers and lenses should on no 
account discourage the worker from undertaking fluorescence microscopy; the 
one essential is a satisfactory light source. 

Condensers . — ^Two types of substage condenser may be used. For fluoro- 
chrome stained preparations a bright ground, three lens, aplanatic condenser 
is satisfactory, but for immune fluorescence a dark ground condenser gives 
better results, especially with the higher powered dry or oil immersion 
objectives. 

Objectives . — ^Achromats are preferred to apochromats because the glass of 
thrir lenses has less tendency to fluoresce. 

Filter systems. — (a) Primary filters. Light of wavelength 480 m/t is 
required and satisfactory filters, which must be sited dose to the lamp, are 
available from Kodak Wratten 18B, Chance Pilkington 0X7, in Great Britain, 
U.G.l of Schott & Genossen in West Germany, and Coming 5840 in tiie 
U.S.A. (b) Secondary filters are situated in the eye-pieces and have the dual 
purpose of cutting off any UV ra3rs which might damage the cornea of the 
observer’s eye wlme at the same time giving a satisfactory colour contrast A 
Kodak Wratten 2B filto* is satisfactory, but a variety of green-yellowfihers may 
beused. 

Imnersbm oU . — Special non-fluorescent immersion oil is essential and that 
supplied by E. L,eitz & Co. is recommended. 


Staining witik niKwochzonie Dyes 

Aubaminb O. — ^This dye can be substituted for carbol fochsin in the Ziehl' 
Nedaen method 'mth the effect that the tdberde badUi fluoresce and become 
much easier to detect. 


* Mamiiictuied by tile Gcnnan**Otiam" Company and marifccted in the U.IC^er 

tisi iwms of “Neran”. 
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Me^tod 

The following are required: 

Statmng sobiHon 

Auramine“0” 0-3 g. 

Phenol ....... 3<0 g. 

Distilled Water 97-0 ml. 

Dissolve the phenol in water with gentle heat. Add die auramine gradually 
and shake vigorously until dissolved. Filter and store in a dark stoppered 
bottle. 

Decolourising sobiUon. 75 per cent industrial alcohol containing 0*5 per 
cent NaCl and 0-5 per cent. HCl. 

Potassium PermangatuUe Solution. 1 in 1000. 

Stain a thin smear of sputum with auramine solution for IS min. Rinse 
under the tap and decolourise for 5 min., with the acid-alcohoL Wash wdl 
in tap water, apply permanganate solution for 30 sec., wash well in tap 
water and allow to dry. (Do not use blotting paper to dry.) 

l^he film is examined dry with a .^in. (4 mm.) objective, or preferabfy 
with and 8-mm. objective and a high-power eye-piece. The tubercle bacilU 
are seen as yellow liuninous organisms in a dark field. A darkened room is an 
advantage. When fluorescent bacilli have been detected with the low power 
objective their morphology is checked by observation under the oil immersion 
objective. 

This method has the advantage that large areas of a film of sputum can be 
scanned in a short space of time. 

Acridine Orange R. — ^This dye has a marked afiinity for the nucleic adds 
found in host cell-parasite relationships. When cells stained with this dye ate 
viewed with UV Ught the RNA components fluoresce with shades of oraqj^ 
and red w^e the DNA components take on shades of green. The method is 
of great vdue in studying the growth of animal viruses and bacteriophages in 
their respective host cells (Anderson, Armstrong, and Niven, 1959). 


Method 

Coverdip preparations of living cells, tissue cultures or eiaidates are used. 
The following are required: 

1. 3 per cent HCl in 95 per cent alcohol. 

2. Citrate-dhosphate bu^r pH 3*8 (see Ch^iter 50). 

3. Stock Acridine Orange R 01 per cent in distilled water. 

S fih i tipos 2 and 3 are prepared fleshly each week and stored at 4* C. 


Proiteed as follows; 

1. Dilute tibe stock acridine orange solution 1 in 10 with the buffer <m 
tbc (by of u$c« 

2. Place the covendip witiiout delay in add-alcohol for 5 mut 

3. Rii»efBr2imn.totwochang« ofbufer. 

4. Stain in the 0«01 per cHitacnduieora^ for 4-10 mat 

5. Wash ia two diangea of buffer for 2 ipin. 

6. Mount in buffer. 

7. Blog tile < 
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ELECTRON MICROSCOPY 

With improvement in design and the evolution of new preparatory 
techniques, the modem electron microscope has become indispensable in 
microbiological research* The greatly increased resolving power of the 
instrument enables details of the fine structure and of the nature of the com- 
ponent parts of bacteria, viruses, cells and tissues to be vbualiscd in a way 
that is impossible with the light miqroscope. 

Although the electron microscope is complex, costly and technically 
difficult to maintain, the principles^ its construction are closely paralleled by 
those of the optical microscope and easily understood. The Resolution of the 
light microscope depends on the wavelength of the lighi used and the 
numerical aperture of the lens (see p. 610). \^en electrons nipve they behave 
somewhat like light waves and have properties of refraction,\diffraction and 
interference. The wavelength of electrons is inversely propo^onal to their 
velocity and the particular wavelength used in an electron micmscope is ^ of 
an Angstrdm unit, i.e. about 100,000 times shorter than that of ordinary Ught, 
and thus high resolution and great magnifications are possible. Theoretic^y, 
if conditions were identical in the optical and electron microscopes, resolution 
down to ^ A would be possible. However, the N A of an electron microscope 
lens is very small (the diameter of the aperture is only a few microns) and does 
not approach the width of that of an optical microscope objective. In practice, 
the best resolution that can be obtained is 3-5 A, i.e. 0*3-0‘S m/z. Thus the 
resolution of the electron microscope is approximately a hundred times better 
than that of the light microscope. ' 

The electron microscope (see Fig. 49) consists of a column or ‘‘stack'' (4) at 
the top of which is mounted the source of illumination, the “electron gun" (6) 
which emits electrons from a hot tungsten-wire filament (7). Beneath tl^ 
filam^t a cathode shield (8) is placed. A high voltage (5) which can be varied 
from 50 to 100 kV. is applied to the anode. The life of the tungsten wire 
fihunent is limited and it usually requires to be replaced after some 15 hr. 
viewing. A pencil beam of electrons (9) moving at high velocity is projected 
through the hole in the anode and onwards down the stack. The high 
accelerating voltage used must be stabilised with an accuracy better than 1 in 
100,000 in order to ensure uniform velocity of the electrons. Because the 
electron beam would be scattered by any atoms with which it might collide, 
the air in the stadk is completely evacuated and a vacuum of the order of 10~^ 
mm. Hg. is maintained (3). 

As in the light microscope, focussing and magnification are achieved by a 
series of “lenses" which, in fact, are accurately controlled electromagnetic 
fields. There is a condenser lens system (10 and 1 1) wUch bends the rays of 
electrons so that a parallel beam is directed onto the object (12) placed bdow 
it The dectrons are scattered to a d^ree that is proportbmu to the thick- 
ness and density of the varioiis parts of the specimen. An objective lens (14) 
gathers the scattered electrons through a very small aperture (13) and brings 
tibem to a focus where a red primary imi^ (2) is formed and is magnifi^ 
about a hundred times. Two “projector" lenses (16), which have the ftmction 
of ri^eye-meceof thelight rnicroacope, mi^nify af^it of the primary image a 
300-500 times. The focal length of etectromagnetic lenses can be 
dhanged by varying the current fiowing through the wm and thus a con- 
tinuousk variable magnification is obtmeA and controlled at the turn of a 
dial 

lib final image (1 8) is observed on a fiuofticent screen (19) situated at the 
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Fig. 49 

A dissnun to >1 k>w l^e optical syatem and component 


pa; (4) Stack; (5) 100,000-volt suppfy; <6) Eloct^ 
: (7) Hottun*rten-wi« filammt; (8) Catb^ abidM; 
Section beam;aO) R»t condenwleM; (11) Second 


■uu SVGinia - ■ -r 

(18) Final image; (19) Fluoreacait screen; (20) Cameia. 
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lower end of the stack and is viewed through a glass window. The screen can 
be wi^drawn by a lever to allow die dectrons to impinge on a photographic 
plate (1) or film held in a camera (20) placed immediately below. O^g to 
the hi^ resolving powers of the electron microscope it is possible to take 
negatives at any magnification from 2000 to 100,000 and these may be enlarged 
photographicaUy up to ten times. Thus, a useful magnification of up to 
1,000,000 diameters can be obtained. 

The specimen to be examined is placed in a special holder and tiien 
introduced into the stack between the condenser and objective lenses dirough 
an air lock. Finally, when the vacuum has been restored, it is lowered into 
position b^ a lever and its examination can be made. AlOx binocular micros- 
cope (17) is used to facilitate accurate focussing before takit^ photographs. 

The controls of the electron microscope are accommodated in panw on 
its desk. They include dials for variation of the magnificaopn, a mechanical 
stage to move the specimen, switches and meters to control and check die 
voltage used, vacuum gauges, and controls for electron ojmcal alignment. 
The electronic circuits for stabilinng and controlling the hWh voltage and 
lens currents form a separate unit, as also do the rotary and d^»on pumps. 

THE PREPARATION OF MATERIALS FOR ELECTRON 
MICROSCOPY 

The electron beam, with an accelerating voltage of 50-100 kV., has a very 
poor penetrating power and for this reason only small objects or very thin 
sections of tissues can be examined in the electron microscop^. The speci- 
mens must be mounted on films no thicker than 20 mfi and of high trans- 
parency to electrons. Such films are naturally very fragile and have to be 
mounted on small copper supporting discs that are perforated with many 
apertures regularly arranged to form a 200 per sq. in. meshwork. Suitable 
grids for the AEI and odrer electron microscopes can be obtained from 
Smethurst Highlight Ltd., Bolton, Lancs. 

They are made with a shiny surface on one side and a matt sur&ce on the 
other for maximum adhesion of the film. Handling grids of this type rrauires 
very fine pointed forceps and is easier if the gncu are bent very sli^dy. 
Traces of fluid may adhere to the points of the forceps as the grids ate beii^ 
mantpulat«l through various solutions rendering the grids adherenl^ with the 
iM of danu^ to or loss of the specimen. This diflkulty can be avoided if it is 
ituule a rule always to take a strip of filter paper and blot away traces of fluid 
from between the points of the forceps before transferring the grid to any 
dry surface. 

Preparation of Soppoit Films 

Coliodton Cast on Water. — ^The fbUowii^ are required; 

fa) A 2 per cent, solution of nitrocellulose in am^ acetate (“Ckfllodion”). 

(6) A brass ring 4 in. deep and about 3 in. in diameter vdudi is covered on 

one side by a disk or fine copper gause (200 in. merii). 

(e) A 4-in. Petri dirfi or a shallow f^ass bowl of similar diameter standing 
on me Ud (rf a 6-in. Petri dish. 

PaocBiniEE 

1. Place the ring, gauze side uf^permost, ill the small Petri dMi and pwr in 

dean distilled water until it is covered and the water just readies tiw brim of 
tim.diwh. 
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Z Pidt Up dect^ microscope grids \rith fine fon:^, mmstea tiiem 
car^iUy and place them m even rows, sluny surface down, on to the copper 
gauze. 

3. The surface of the wa^r is now cleaned by allowiiw two drum of the 

^Uodk)n to fauOT it from a dropping pipette. AsoUdftoiafbnnedwi^ 
few seconds ^trappmg any dust particles on the surface and is then swept 
away with a glass rod. ^ 

4. A second film is now formed in the same way. 

5. With minimum disturbance pipette the water out of the Petri dish into 
the surroundmg trough. The collodion membrane sinks gently on to the grids 
on the copper gauze. 

6. The gauze on its ring is now lifted from the dish and set to dry over 
calcium chloride in a desiccator. 

7. When the grids are required for use they are freed by cutting the 
membrane at their edges with a fine needle, and then transferred to a holding 
clip. 

Formvar Cast on Gla88.-~The following are required: 

(a) A 0* 125 per cent, solution of polyvinyl formal (Formvar) in chloroform. 

(4) Microscope slides and short length of glass rod cleaned with a deter- 
gent and polished with a clean cloth. 

(c) The materials required for collodion films. 


Procedurb 

1. Place a drop of the Formvar solution on a microscope slide and spread 
it to cover the whole surface with the glass rod. Allow a few seconds for the 
chloroform to evaporate. Ideally the film should have a pale straw colour. 

2. Breathe heavily on the film. 

3. Float off the Formvar membrane by lowering the slide at a shallow 
angle into the water in a Petri dish in which grids have been placed on capper 
gauze supra), 

4. Proceed as in making collodion films. 

Formvar films are much stranger than collodion films and resist the heat of 
the electron bewi much better. TTiey suffer, however, from the disadvantage 
that they may have a coarser grained surface than collodion and thus are not 
desirable if the specimen to be viewed is comprised of small particles or 
macro-molecules. 

Evi^orated Carbon Film are prepared by the method of Bradley (1961^ 
They can be obtained by evaporating carbon on to the surface of a gbt£^ sfide 
and floated off as for Formvar. They have a thickness of only 50 A. They 
have the finest grain of any film so far described. They are, however, fragile 
and some workers {mefer to evaporate a layer of carbon 20^50 A thick on to a 
grid previottd.y covered with a collodion membrane. 


0f Sttspc^naioiis iff Micyoot gmiitms finr EtocttM 
MicaEMoogpy 

Suitable oahuies lai^ numbers of bwteria or virus parrides 

must be obtained. In the case of viruses an infectivity or haemaggbrtmra^ 
titre of l<h» or greater is desirable. Hie original cultures «e centofugfsd to 

deposit tbeeucnKwganiains into a pdlet which is tbenresu^joidwjn a tofun 

volume of ^^^^medium. Extracts virus infected odb w twaii^ 
toquire several cycles of differential centrifugation. 
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Fisatioa 

Bacteria and the larger viruses require some form of fixation tboug^ this 
may be omitted with some of the smaller viruses. Usiully the suspension or 
the centrifuged pellet is added directly to the fixing solution. If sections are 
to be cut the pdlet may be embedded in 2*0 per cent, molten agar (Difco, 
Noble agar, vw infra). 

The following three fixatives are of general usefulness: 

KeUmdbeiger’s Method fin: the Fixatioii of Microorganisms (Kellen- 
berger, Ryter & S^chaud, 1958). 

Prepare the fdUowmg: 


(1) 

Michaelis veronal-acetate buffer: 


Sodium barbitone . . . . . \ 

. 2-94 g. 


Sodium acetate (hydrated) . . . \ 

. 1*94 g. 


Sodium chloride \ 

. 3-40 g. 


Distilled water to make . . . . ^ 

. 100 ml. 

(2) 

Kellenberger buffer: 


Veronal-acetate buffer .... 

. 5*0 mb 


Distilled water 

. 13*0 ml. 


OliSTHCl 

. 7*0 ml. 


M/1 CaCl, 

Adjust to pH=6*0 with the 0-lN HCl or buffer. 

. 0*25 mb 


Prepare freshly on the day of use. 


(3) 

Kellenberger fixative: 

. 0*1 g. 

Osmium tetroxide 


Kellenberger buffer 

The pH does not change. 

. 10*0 ml. 

(4) 

Tryptone medium: 

. 1*0 g. 

Bacto-Tryptone (Difco) .... 


Sodium cUoride 

. 0*5 g. 


Distilled water to make .... 

. 100 ml. 

(5) 

Sterile agar solution: 


Agar (Noble) 

2*0 g. 


Distilled water to make .... 
Sterilise in the autoclave in 5 or 10 ml. amounts. 

100 mb 

(6) 

Kellenberger washing solution: 

0*5 g. 


Uranyl acetate 


Kellenberger btiffer to make 

This solution keeps for several weeks at 4^ C. 

100 ml. 


Pkocedusb 

(1) Mix 30 ml. of a suitable suspenaon of microorganisms with 3*0 ml. of 
Kellenberger fixative. Centrifuge 5 min. at 1800 G. 

(2) Decant tlte supernatant and resuspend the deposit in 1*0 ml. of 
Kellenberger fixative to which has been added 0*1 mb ctf tiyptone 
medium. 

(3) Stand omi^ht (about 16 hr.) at room .. iture. 

(4) Add 8*0 mb KeUmberger buffer and cm 5 min. «t 1800 G. 

(5) Decam dm supematam and resuspend the in distilled 
direct dectron mteroaoopy. 
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(6) If ultra-thin sections are to be cut proceed as follows: 

(a) add al»ut 0-03 ml. of molten agar^it 45“ C. to the suspension 
and mix carefully ; 

(b) pour a ^op of tile molten agar suspension on to a dean tnifiio- 
scope slide sxid sllow it to set finn i 

(c) cut the solid dr^ of agar into 1-mm. cubet with a raa>r blade J 
(a) place the cubes into the uranyl acetate wasluttt solution for 2 lur. 

at room temperature. 

The cubes are now ready for dehydration and embedding. 

For the t^hniques of embedding and the preparation and staining of 
ultra-thm sections, the reader is referred to Glauert (1961) and to Pease (1960). 

Palade’s Fixative (Palade 1954) 

(1) Osmium tetroxide j.q 

Distilled water .50 ml. 

Store in a clean dark glass bottle away from the light. It keeps for 
for several months at 4® C. 


(2) Sodium barbitone . 

Sodium acetate (hydrated) 
Distilled water 

(3) Prepare the fixative as follows: 

Mix together — 

2 per cent, osmium tetroxide . 
Veronal-acetate buffer . 
OliVHCl ... 
Distilled water 


2-89 g. 
1*9 g. 
100 ml. 


. 12-5 ml. 
. 5*0 mL 
approx. 5*0 ml. 

. 2*5 ml. 


Adjust to pH 7*3-7*4 using 0*1 iV HCl. The fixative can be stored for 
a few days at 4^ C. It is used mainly for fixing protozoa, celk and 
tissues. 


Glutaraldehyde Fixation 

(1) Stock solution 25 per cent, of glutaraldehyde (L. Light, Colnbrook). 

(2) Phosphate buffered saline (see Chapter 50) 

Fixative 

Glutaraldehyde 5 ml. 

Phosphate buffered saline 20 ml. ^ 

If sections are to be stained with lead salts, substitute 0*067 M sodium 
cacodylate for the phosphate buffered saline in order to avoid die 
precipitation of lead. 

Adjust to pH 7*4. 

Glutaraldehyde is an excellent fixative and much superior to ferm^dejbyde. 

Mottutiag. — ^The fixed bacteria are spun down in the (^ntnfuge and 
resuspended into a suitable volume in distilled water. ^ A Ifeht of phase 
contrast microscope is used to ensure that the suspension is neither too dense 
nor too dilute. A drop of the suspension is now placed on the surface of a 
supporting film on a grid. This can be done with a very finely 
pipette or a platinum loop. Experience is required to ju^ the ^ of top 
used but it must not ^ so large that fluid spills and flows off the grid to adhere 
to its under side* After 2-3 min. the organisms have settled on to to film md 
the fltud is remtoved by touching the drop with a fine strip of ^ter pap^. Tw 
grid is now dried for a few hours over caldum chloride in a deaccator and la 

ready fw exanunatkm. 
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Conttaat Eahattcement 

Microorganisms fixed in this manner are s^ in outline under the electron 
microscope but if thdr components and the minute det^ of their structure is 
to be seen some form of contrast enhancement is required (Valentine, 1961). 
This is usually achieved by the use of “shadow casting” or by negative or 
positive staining techniques. 

Shadow or metal shadowing consists of a technique whereby an 

atomic viq>our of electron dense material is directed at an angle and deposited 
over the specimen. Heavy metak such as gold, platinum, palla^um or their 
alloys are evaporated imder a high vacuum in a special plani designed for the 
purpose (Bradley, 1961). The effect is that the nde of the ol^t fa^est from 
the source of the heavy metal vapour is protected from the impinging atoms; 
these areas are more electron transparent than the overlaid areas and in 
electron micrographs look like shadows. The method is of piracular value in 
the examination of bacteria bearing flagella and/or fimbriae and in visualising 
the filaments of spirochaetes. \ 

Negative Staining. — ^When virus particles or other small objects are 
added to a neutral solution of potassium phosphotungstate and the mixture is 
transferred to electron microscope grids the particles appear under the 
electron microscope as surrounded by an electron-dense background. 
Furthermore, any surface contours and depressions attract the tungstate so 
that details of the external characters of the object are revealed (Home & 
Wildy, 1963). The method has been particularly successful in t^e study of the 
fine structure of animal viruses and bacteriophages but has many applications 
in microbiology. 

Flioqtliotungstate Staining. — ^The method is that of Brenner & Home 
(1959). Specimens for examination are suspended in a volatile buffer such as 
1 per cent, ammonium acetate and then are added to an equal volume of 2*0 
per cent, phosphotunratic acid adjusted to pH 7*0 by the use of Njl KOH. 
llie mixture is placed on electron microscope grids in the way described or 
sprayed on them with a “Vaponephrin” spray (Home 8e Naginton, 1959). 
^metimes the phosphotungstate fails to spread and forms dense masses in 
wUch the particles are completely buried. This may be correct^ by the 
addition of a trace of serum albumin to reduce the surface tension or by 
reducii^ the concentration of phosphotun^ate. If, on the offier hand, the 
phosphotungstate spreads too widely and forms only a thin film the trouble 
can sometimes be overcome by increasing the tungstate concentration and/or 
diluting the virus preparation a little. 

Uranyl acetate in a 1 per cent, solution can be used in a nmilar way. It 
does not produce so great a contrast as 'phosphotungstate but is valuable for 
the very smallest particles and macromolecules. The. deposited uranyl 
acetate has an even texture and is less “grain^’ than phosphotungstate. 

Boaitive has its main application in microbiology in tihe enhance- 

ment of the conlxast in ultra-thin sections of bacteria, protozcM and other cells. 
Solutions of heavy metal compounds such as phoqdiotungstic acid, phoapho- 
mcdybic add, uranyl acetate, oaiium hydroxide, lead acetate and lead tartrate 
are all used. 

. Much infonnation is obtained from tlK study of ultta*thin sections and the 
techniques involvied iiu^de embeddiim in h)qKixy-t«Mns, the use of the ultra 
nticrotome and medal stainii^ methods. For tire details these tedmiques 
tiw reader is reforred to Glautft & mtillqra (i^l) and Peaac (1960). 
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CHAPTER 45 


STAINING METHODS 

As bacteria consist of clear protoplasmic matter, differing but slightly in 
refractive index from the medium in which they are growing, it is difficult with 
the ordinary microscope, except when spedal methods of illumination are 
used, to see them in the unstained condition. Staining, therefore, is of 
primary importance for the recognition of bacteria. 

The use and general principles of bacterial staining havd been discussed in 
Chapter 2. I 

METHODS OF MAKING FILM OR 

PREPARATIONS \ 

Before describing the various staining processes, details^ of the methods 
employed in making films must be considered. 

Film preparations are made either on coverelips or on the ordinary 3 x 1 
in. glass slides, usually the latter. It is essential that the coverslips or slides 
should be perfectly clean and free from grease, otherwise uneven films will 
result. 

CoversKps,—Th.es6 should be | or { in. square, and of No. 1 thi^ess, i.e. 
O'l mm. thick. (Thicker coverslips— No. 2— may prevent the oil-immersion 
Directive from coming near enough for the specimen to be focussed.) They 
are cleaned by placing them in a mixture of nitric acid, 6 parts; potassium 
bichromate, 6 parts; water, 100 parts. They should be dropped one by one 
into the fluid. The solution is contained in an evaporating ^ and boiled. 
Alternatively, they may be cleaned in the dichromate-sulphuric add solution 
(p. 660) by ffie method described for slides on p. 860. The coverslips are then 
well washed, first in tap water and later in Stilled water, and stored in a 
stoppered jar in 50 per cent, alcohol. Before use they are dried with a soft 
dean cloth, such as an old handkerchief. For routine use, the coverslips may 
be suffidently clean as supplied by the maker and require only to be wiped 
free from grit and dust with a clean dry doth. 

5&fer.— These may be treated in a manner similar to coverslip. A 
quicker and quite satidactory method for ordin^ routine use is to wipe the 
slide with a dean dry cotton doth and then, holding its end with forceps, roast 
it free from grease by passing it 6-12 times through a blue Bunsen flame. The 
hdating diould be as strong as is possible without cracking the slide. Cracking 
is rendered less likely by allowing the slide to cool somewhat before laying 
down, or by laying it on a warmed metal rack. Another method of cleaning is 
to moisten the finger with water, rub it on the surface of some fine sand soap, 
and ffien smear die surface of the slide. After removing the soapy film with a 
dean dodi the surface is dean and free from mease. For spedd purposes, 
such as the staining of flagella, slides are cleaned with hot didiromate- 
nilphuric add solution followed by flamittjg, as described cm p. 660. If the 
dide is perfectly dean a drop of water can be spread over its surface in a thin 
even ffim; otherwise the water collects into smdl drq» and a film cannot be 
made. 

After die films have been made and examined the slides shmdi.be dis- 
carded. They AoMfuibedmedmd md(^Kn,^Uud^fiaM ^ 
tto tM m^amms m remmi. 



STAINING FILMS AND SECTIONS 6 ^ 

In the case of flmd material, broth cultures, urine, mkiSqa, pot, etc., 
one loopful (or more) is taken up with the inoculating wre (p. 789) md tprml 
thinly on the slide. A little ex{>erience will soon determine the amoont 
required, and in spreading the films it will be found that there are both thick 
and thin portions, which is not disadvantageous. The slide is ti»en held in the 
palm of the hand high over a Bunsen flame and dried- film is by 
passing the dried slide three times slowly through the fiaw, w by 
through the glass slide. In the latter method the slide tt hdd, film upwards, in 
the top of the Bunsen flame for a few seconds so tlat the slide becomes hot 
Care must be taken not to char the film, and when the slide is just too hot to be 
borne on the back of the hand, fixation is complete. 

In making films on coverslips and staining them. Comet’s forceps are u sed 
to hold the sUp in a horizontal position, the forceps resting on the bench. 

With solid material, such as cultures on agar, etc., it is necessary to pia*^ a 
loopful of clean water on the slide. The loop is then sterilised and a tnimiti. 
quantity of material, obtained by just touching the growth, is transferred to 
the drop, thoroughly emulsified, and the mixture is spread evenly on the slide. 
The resulting film is fixed and dried as above. Beginners are apt to take more 
material than necessary from the culture and thus make too thick a film. 

STAINING OF FILMS 

The stains are poured directly or filtered on to the slide. When staining is 
completed, the dye is washed off with water, and the slide is allowed to dry in 
the vertical position or is placed between two sheets of white fluffless blotting 
paper or filter paper. The drying of the film is completed over the Bunsen 
flame. Such stained films may be mounted in Canada balsam under a cover- 
slip, or may be examined unmounted with the oil-immersion lens, a amall drop 
of cedar-wood oil being placed directly on the film. If it is desired to mount 
the preparation later, the oil can be removed with xylol or benzol {i.e. bmzous). 


STAINING OF TISSUE SECTIONS 

The sections being embedded in parafiSn (p. 677), it is necessary to remove 
the par^ffln so that a watery stain may penetrate. The paraffin is first 
removed with xylol (xylene) or benzol (benzene), the xylol or benzol is then 
removed with alcohol (95 p^ cent, ethanol), and the alcohol is replaced witix 
water. Tlie staining is then done. After staining, the section must be 
dehydrated with absolute alcohol, cleared in xybl and mounted in Canada 
balsam under a covei^p. The Canada balsam (which is a resin) is dissolved 
in xylol in order to render it suitable in consistency. 

Aladud (Ethemol) Solutions.— The reagents most commonly emi^^ ip 
preparation of sections are “absolute alcohol’’, which is 100 per cent, ethanol* 
and “95 per alcohol’’, which is a 95 per cent solution of ethanol in water 

by volume {i.e. 95 ml. dnolute idcohol plus water to give 100 ml sohithm). 

Industrial methylated spirit (not mineralised) may be used for making tq> 
Btains, decdouriring stained preparations, dehydrating tissues and treaty 
acctions. Hie type known as "Tmlet spirit, acetone free (66 O.P.)” is qii^ 
satisfactory for use instead of 95 per cent alcohtd. Similarly, induMn^ '^ 
methyli^ spirit, absdlute (74 O.P.), can be used instead of absolum aleehtfi; 
Not only are these industrim spirits much cheaper than rectified ^nrit (90 per 
and abadute alcohol, but permits for obtaining them ifaity-fine 
are more readily granted by the Customs Authorities. 
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Technique . — ^The slide bearing the parafHn section is placed in a jar of 
xyM for some minutes to remove the paraffin. The section is then treated 
with a few drops of absolute alcohol (edianol), when it immediately becomes 
opaque. A few drops of 50 per cent, alcohol are poured on, and the slide is 
finally washed gently in water. If the tissue has been fixed in any mercuric 
chloride preparation, such as Zenker’s fluid, the section should be treated with 
Gram’s lodme solution for a few minutes (p. 649), then with 95 per cent, 
alcohol and finally with water. The sections are now ready to be stained by 
the appropriate method. After staining and washing with water, the slide is 
wiped all round the section with a clean cloth to remove excess of water. The 
bulk of the water in the section may be removed by pressing between fluffless 
blotting paper. The section is treated immediately with a drops of 95 per 
cent, alcohol and then with absolute alcohol. The slide ^ again wiped all 
round the section, a few more drops of absolute alcohol are red on and the 
slide is then immersed in xylol. When cleared, the slid is removed, and 
excess of xylol round the section is wiped away, a drop of < 'anada balsam is 
applied and the section mounted under a No. 1 coverslip. is essential that 
the section should not be allowed to dry at any period of the rocess, and that 
dehydration with absolute alcohol should be complete in order that the section 
may be thoroughly cleared. 

When the bacteria are readily decolourised with alcohol, aniline-xylol 
(aniline, 2 parts; xylol, 1 part) should be used for dehydration. After 
washing, when the slide has been wiped round the section, the preparation is 
blotted and then treated with the aniUne-xylol mixture, which clears as well as 
dehydrates. The aniline-xylol is then replaced with xylol. This can be done 
conveniently by holding the slide almost vertically and dropping xylol from a 
drop bottle on to the slide just above the section. The xylol flows over the 
section and quickly removes the aniline. The preparation is mounted 
immediately in Canada balsam. 

DFX Mounting Medium 

A mounting medium that replaces Canada balsam has been devised by 
Kirkpatrick and Lendrum (1939, 1941). It consists of polystyrene (a synthetic 
resin) dissolved in xylol, with a plasticiser — dibutyl phthalate — ^to ensure 
flexibility. There is, however, much shrinkage and the mounting fluid should 
be applied generously. The mountant termed DPX is made up as follows: 

Mix dibutyl phthalate (B.D.H.) 5 ml. 

with pure xylol . . 35 ml. 

and dissolve ‘^Distrene 80”^ 10 g. 

DPX medium is water-clear, inert and does not become acid or cause fading 
of stained preparations. It is used in the same way as Canada balsam. 

If polystyrene of a low molecular weight (about 3000) is used, much less 
xyfel is required and no plasticiser nera be added. Moreover, there is 
practically no shrinkage, wUch is a great advantage over DPX. 


SIMPLE STAINS 

Theae diow not oidy the presoice of oiganisms but also the nature d the 
celhiltf content in exudates. 

* Nonnalljr obtainable from Mesats. Honeywill & Stein, Ltd., 21 St fame*'’ 
SqpMM, London, S.W.I. 
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methylene blue 

Of the many preparations of this dye, Ldffler’s methylene blue is generally 
the most useful: 

Saturated solution of methylene blue in alcohol 300 ml. 

KOH, 0 01 per cent, in water . 1000 ml. 

Films , — Stain for 3 min., then wash with water. This preparation does not 
readily over-stain. 

Sections , — Stain for 5 min. or longer. The application of the alcohol 
during dehydration is sufficient for differentiation. Aniline-xylol can also be 
used for dehydration and clearing. 

Polychrome Methylene Blue 

This is made by allowing Ldffler’s methylene blue to “ripen” slowly. The 
stain is kept in bottles, which are half filled and shaken at intervals to aerate 
thoroughly the contents. The slow oxidation of the methylene blue forms a 
violet compound that gives the stain its polychrome properties. The ripening 
takes 12 months or more to complete. The preparation is used in a manner 
similar to L5ffier*s methylene blue; it is employed in McFadyean’s reaction 
(p. 299). 

Borax Methylene Blue (Masson) 

This gives similar staining results to polychrome methylene blue. 

Methylene blue 20 g. 

Borax 50 g. 

Water . 1000 ml. 

Warm the water to 60® C., stir in the solids, and allow to cool slowly. This 
staining solution improves with age. 


DILUTE CARBOL FUCHSIN 

Made by diluting Ziehl-Neelsen’s stain (p. 653) with 10-15 times its 
volume of water. Stain for 10-25 sec. and wash well with water. Over-* 
staining must be avoided, as this is an intense stain, and prolonged application 
colours ffie cell protoplasm in addition to nuclei and bacteria. 


NEGATIVE STAINING 

“Negative Staining” is exemplified by Burri’s India ink method, whit^ 
was formerly used for the spirochaete of syphilis. A small <|u^tity of Inffia 
ink is mixed on a slide with the culture or other material containing bacteria, 
and then by means of another slide or loop a thin film is made; this is allowed 
to dry before being examined. The bacteria or spirochaetes are seen as 
transparent objects on a dark-brown background. (See also India ink methoib 
for capsid^, p, 658.) 


NIGROSIN MEIHOD 

A 10 per oAjIution of mgro8m<G. T. Gurr) » made fe warm 
water (eolutiim ia e ffe c ted in ammt an hour) and filtered. FormMin vrS per 
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cent. (f.e.fbrmaldehyde 0* 19 per ctni.) is added as a preservative. A small drop 
of the dye is placed on a slide, bacteria are mixed with it and a smear is made 
with a loop or another slide. A number of preparatioxis can be made on the 
same slide. Dry and examine. 

Nigrosin gives an absolutely homogeneous background, and this is the 
simplest^ method of making a preliminary examination of a culture to show 
shape, size and arrangement of bacteria. Most bacteria stand out as clear 
objects on a dark field, but some bacilli, such as those of the coliform and 
haemophilic ^oups, show in their central portion a slightly dark patch some- 
what resembling a nucleus. This is attributed to the fact that in drying they 
develop a shallow depression in which some of the nigrosin lies. In the 
spore-bearing anaerobes the spores are larger than the bacilli, so that when the 
nigrosin film is slightly thicker than usual the spores stand put as bright clear 
spaces while the bacillary bodies are slightly overlaid with \he nigrosin. 


GRAM’S STAINING METHOD \ 

This is the most important staining method in bacteriology, and must be 
employed for the diagnostic identification of various organisms. The 
principle of the method has been dealt with in Chapter 2. 

Certain bacteria when treated with one of the basic para-rosaniline dyes 
such as methyl violet, crystal violet or gentian violet (which is a mixture of the 
two preceding dyes), and then with iodine, “fix** the stain so that subsequent 
treatment with a decolourising agent — e.g. alcohol or acetone — does not 
remove the colour. Other organisms, however, are decolourised by this 
process. If a mixture of various organisms are thus stained and subjected to 
the decolourising agent, it is found &at some species retain the dye, and these 
are termed “Gram-positive**, whereas others are completely decolourised and 
are termed “Gram-negative**. In order to render the decolourised organisms 
visible, and to distinguish them from those retaining the colour, a contrast or 
counterstain is then applied. This counterstain is usually red, in order that 
the Gram-negative organisms may easily be differentiated from the Gram- 
positive organisms, wMch retain the original violet stain. 

If Gram*8 method is properly carried out, Gram-positive organisms and 
fibrin are stained dark violet in colour. Gram-negative organisms, the nuclei 
and protoplasm of pus cells and tissue cells are stained pink with the counter- 
stain. To obviate errors from overdecolourising, a control film of a known 
Gram-positive organism (f.^. a pure culture of Staphylococcus aureus) may be 
made at one side of the film to be examined. For the recognition of Gram- 
negative Qiganisms such as gonococci or meningococci in pus, this control 
must retain the violet stain while the nllclei of the pus cells are stained only 
with the counterstain. 

In the original method of Gram (1884), the smear was stained with 
anilme-^gentian violet, treated with Lugol’s iodine, decolourised with 
absolute alcohol, and counterstained with Bismarck brown. Later modifi* 
cations, however, have given better results. 


KOFELOFF AND BEERMAN’S (1922) MODinCATlON 
(Decolourisation with acetone) 

Tins mediod, which is a modificatbn nf Burke's (1922) medbdd, » 
recpmmenxied £;>r gmeral use. 



gram’s stain 


Sohtims required 

(1) Methyl violet stain. 

Solution A: 

Methyl violet 6B . , . 

Distilled water . . . . 

Solution B: 

Sodium bicarbonate (NaHCOs) • 
Distilled water • . . . 




10 g. 

1000 ml. 


50 g, 
1000 ml. 


Shortly before use, mbe 30 volumes of solution A with 8 volumes of 
solution B. (The mixture is apt to precipitate within a few days and so cannot 
be kept. Methyl violet solution without the addition of bicarbonate acts almost 
as well in Gram staining and has the advantage of keeping indefinitely. For 
critical work, however, a freshly made mixture of stain with bicarbonate is to 
be preferred.) 

(2) Iodine solution. 

Iodine 20 g. 

Normal solution of sodium hydroxide {ue. IN NaOH, 
or 4 per cent. NaOH) 100 ml. 

Distilled water 900 ml. 


Dissolve the iodine in the NaOH solution and, when it is dissolved, add 
the distilled water. 


(3) Basic fiichsin stain. 

Basic fiichsin 0*5 or 1*0 g. 

Distilled water 1000 ml. 


Procedure for staimng films 

(1) Make a smear on a slide according to the instructions given on p. 64Z 
Dry thoroughly in cool air or in warm air far above a Bunsen flame. Then, 
fix by flaming in the usual way (p. 643). 

(2) Cover the whole slide with methyl violet stain and allow this to remain 
on the slide for about 5 min. 

(3) Tip oflF the methyl violet stain, hold the slide at a steep slope and wash 
oflF the residual stain with an excess of iodine solution; begin by pouring the 
iodine on the upper end of the slide and work downwards. (It is important to 
use enough iodine solution to wash away all the crystalline deposit that forms 
when the stain and the iodine mix.) 

(4) Cover the whole slide with fresh iodine solution and leave it thus for 

about 2 min. ....... 

(5) Decolourise with acetone (100 per cent.). First tip off the iodine and 
hold the sHde at a steep slope. Then pour acetone over the slide fmm its 
upper end, so as to cover its whole surface. Decolourisation is very ra|dd, and 
is usually complete in 2-3 sec. After this period of contact the acetone nmst 
at once be removed by washing thoroughly with water under a itinniM to. 
To avoid delay, the tap should be running before the acetone is applied mmt 

(kopelotf and Beerman recommended tiiat the acetone rfiould bead^to 
the slide drop drop until no colour is seen in the washings; they noted 
decolourisation generally requires less than 10 sec. and that the time shouldM 
reduced to a We have found that, with thin smears, suceea^ 
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restilts are obtained more consistentiy if tibe acetone is flooded over the slide 
and then washed off with water after only 2 seconds* contact.) 

(6) Cover the whole slide with basic fuchsin stain and allow this to remain 
for about 30 sec. 

(7) Wash thoroughly (for c. 5 sec.) in water from the tap, blot and dry in 
air. 

Normally a Gram-stained film is examined under oil-immersion without 
mounting under a coverslip. The oil can be removed with xylol or benzol if it 
is desired to preserve the film. 

Procedure for staining sections 

(1) Remove paraffin with xylol or benzol. 

(2) Treat the section with absolute alcohol (ethanol)! and wash in tap 

water. \ 

f3) Cover the slide with methyl violet stain and allow ti act for 5 min. 

(4) Wash off stain with an excess of iodine solution, cover with more 

iodine and allow to act for 2 min. \ 

(5) Decolourise with acetone {vide supra). The visible violet staining 
should be removed from the section and this may take one or two seconds 
longer than is necessary in the decolourisation of Aims. 

(6) Wash slide in water from tap. 

(7) Counterstain with basic fuchsin for 30 sec. 

(8) Wipe carefully around the section to remove as much water as possible, 
dehydrate quickly in absolute alcohol, clear in xylol or benzol and mount in 
Canada balsam or DPX. 

Use of acetone-alcohol as decohuriser 

Kopeloff and Beerman*s method is sometimes modified by the substitution 
of acetone-alcohol in the place of pure acetone as decolouriser. Acetone- 
alcohol is a mixture of 1 volume of acetone with 1 volume of 95 per cent, ethyl 
alcohol (ethanol). It acts rather more slowly than pure acetone and dccolour- 
isation may be prolonged to 10 sec. or more, and can be more carefully 
adjusted in duration. It is not, however, considered to be quite as satisfactory 
as pure acetone in producing specific differential decolourisation. 


BURKE’S (1922) MODIFICATION OF GRAM’S METHOD 
(Decolourisation with acetone) 

(1) Make smear, dry in air, and fix by flaming. 

(2) Cover the slide with 1 per cent, aqueous methyl violet (or crystal 
violet). Then add 5 drops of a 5 per cent, solution of sodium bicarbonate to 
the dye on the slide, mix, and allow to act for 3 min. 

(3) Tip off the stain and flush the slide freely with iodine solution fiodine 
10 g., podium iodide 20 g., and distilled water 1000 ml.). Cover slide with 
fre& iodine solution and allow to act for 1-2 min. 

(4) Wash in water from tap, blot off all free water, but do not allow smear 
to dry. (Alternatively, blot the iodine from the slide.) 

(5) Decolourise with acetone (100 per cent.) or acetone-ether (1 volume of 
ether and 2 volumes of acetone). Cover the slide with the decolouriser, stand 
for a few seconds, drain off, cover with fresh decolouriser for 1-2 sec* and 
drain off. Decolourisation usually requires a total duration of oontaOt of less 
tbflm 10 sec. 
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(6) At once blot slide and allow to dry in ain 

(7) Counterstain for 10 sec. or longer with a 2 per cent, aqueotis sohititNi 
of safranine (or neutral red). 

(8) Wash off counterstain by flushing with water for a few seconds^ blot 
and allow to dry in air. 


JENSEN’S MODIFICATION OF GRAM’S METHOD 

(Decolourisation with alcohol) 

This modification can be recommended for routine bacteriological work. 
It has been used especially in examination of exudates for gonococci and 
meningococci. 

Solutions required 

(1) Methyl violet stain: 

Methyl violet 6B (or crystal violet) . 5 g. 

Distilled water ... 1000 ml. 

The solution should be made up in bulk and filtered. It keeps indefinitely, 
and does not precipitate, but should be filtered again before use. 

(2) Iodine solution (LugoFs iodine)^: 

Iodine . 10 g. 

Potassium iodide 20 g. 

Distilled water 1000 ml. 

Dissolve 20 g. potassium iodide in 250 ml. water, and then add 10 g. 
iodine; when dissolved, make up to 1000 ml. with water. 

Note that the iodine solution is three times stronger than the original 
Gram’s iodine. 

(3) Counterstain — ^Neutral red solution: 

Neutral red . . . 1 g. 

1 per cent, acetic acid . . 2 ml. 

Distilled water 1000 ml. 

Procedure for film 

These are made, dried and fixed in the usud way. 

(1) Cover the slide with methyl violet solution and allow to act for about 
30 sec. 

(2) Pour off stain and, holding the slide at an angle downwards, pour on 
the iodine solution so that it washes away the methyl violet. Cover the slide 
with fresh iodine and allow to act for about 30 sec. 


' Iodine solution docs not keep well and it is convenient, esp^^y where staiy w 
distributed from a central source, to have potassium iodide and i<^e ixiixed reay for 
solution when required. Potassium iodide tends to be hygroscopic and nmst be dc^<^ 

otherwise the mixture becomes stidjy and lumpy. 

layer in a Petri dish overnight in a desiccator over calaum 

b, wift. 



»8it«e unta i. diMolvnl. mkt up to 250 mL with dualled water. 
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(3) Wash off the iodine with absolute alcohol (ethanol) and treat with fresh 
alcohol, tilting the slide from side to side until colour ceases to come out of the 
preparation. This is easily seen by holding the slide against a white badc:- 
ground. 

(4) Wash with water. 

(5) Apply the counterstain for 1-2 min. 

(6) Wash with water and dry between blotting paper. 

This method is very simple and gives excellent results with freedom from 
deposit. Safranine, 0*5 per cent, in distilled water, may be substituted for 
neutral red as counterstain. Basic fuchsin, 0*05 per cent., may be used for up 
to 30 sec., but dilute carbol fuchsin should not be used because it tends to 
stain Gram-negative bacteria so intensely that they may appear Gram-positive. 

For the gonococcus and meningococcus in films, Sandiford's counterstain is 
useful, particularly when the organisms are scanty. \ 

Malachite green \ . 0*05 g. 

Pyronine \ . 0-15 g. 

Distilled water \ to 100 ml. 


(The stain keeps for about a month only.) Apply the counterstain for 2 min., 
flood off with water (but do not wash) and blot. Cells and nuclei stain bluish 
green. Gram-positive organisms are purple-black and gonococci red. It 
should be noted that not all samples of pyronine are satisfactory for this stain, 
so that with each new purchase of pyronine the made-up stain should be tested 
on a film known to contain gonococci or meningococci. 


WEIGERT^S MODIFICATION OF GRAM’S METHOD 

(Decolourisation with aniline-xylol) 

Solutions required 

(1) Carbol gentian violet. 

Saturated alcoholic solution of gentian violet . . 1 part 

5 per cent, solution of phenol in distilled water . 10 parts 

(This mixture should be made up each day, as it tends to precipitate.) 


(2) Grain’s iodine. 


Iodine 

. . Ig. 

Potassium iodide 

. 2g- 

Distilled water 

. . 300 ml. 

(3) Aniline-xylol. 


Axuline 

. 2parts 

Xylol 

. , 1 part 

(4) Dilute carbol fuchsin. 


Ziehl-Neelsen’s carbol fuchsin (p. 653) . 

. 1 part 

Distilled water 

. . 9 parts 

(5) Carmalum solution. 


Cartninic add 

' . 1 g. 

Potassium alum 

. . lOg. 

Distilled water 

. aoomi. 


Disadive with gentie heat; filter and add 1 ml formalin as pres^fi^^* 
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Procedure for fihns 

These are made, dried and fixed in the usual manner. 

H) Stain with carbol gentian violet for 2-3 min. 

^2) Pour off stain, replace with Gram’s iodine solution and allow to act fiir 
1 mm. 

(3) Dry thorraghl^ by blotting. 

(4) Decolourise with aniline-xylol, using several changes until the stain 
ceases to be removed. 

Now examine at this stage under the low power of the microscope; the 
nuclei of the pus cells should be of a pale- violet colour; if the nuclei are deeply 
stained, then decolourisation is incomplete. 

(5) Wash with several changes of xylol and dry. 

(6) Counterstain with dilute carbol fuchsin for 10-25 sec. Wash with 
water and dry. 

Procedure for sections 

Weigert’s modification is specially recommended for the staining of 
sections. 

After r^oidng the paraffin with xylol or benzol, treating with alcohol and 
washing with water, counterstain first with carmalum for 10 min. and then 
proceed as above. After (5) the sections will be cleared and can at once be 
mounted in Canada balsam or DPX. 


CLAUDIUS’S (1897) MODIHCATION OF GRAM’S MEIHOD 
(Counterstaining with picric acid) 

This method, which gives very pale, “transparent” counterstaining, is 
recommended for the demonstration of fungi in tissue sections. 

(1) Stain with 1 per cent, aqueous methyl violet for 1-2 min. 

(2) Wash in water. 

(3) Flood slide with a half-saturated watery solution of picric add {ue. 0*6 
per cent.). Cover slide with fresh picric add and allow to act for 1-2 mw. 

(4) Remove excess picric acid solution with blotting paper. 

(5) Decolourise with chloroform (or, preferably, aniline containmg O'l per 
cent, picric add) until no more violet comes away in the decolouriser. 

(6) Rinse with xylol and mount in Canada bdsam. 


PRESTON AND MORRELL’S (1962) MODDICATION OF 
GRAM’S MEIHOD 


(Decolourisation with iodine-acetone) 

This mcffiod is recommended as giving reliable results without ffie need 
for taUf^g great care in adjusting the duration of decolourisation. 

Solutions required 

(1) Amm^um oaodate-crystal violet. 

. . . . 20g. 

, . 200inL 

in ureter . • • 800 tsd. 


Crvstd vktet . 

Mcflh^'lMed i^Hiit (64 O.P.) . 
AnrniioBkmitMtahte. 1 percent 
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(2) Lugol’s iodine (see p. 649) 


Iodine 

Potasdiun iodide 

Distilled water 

. 10 g. 

. 20 g. 

. 1000 ml. 

(3) Liquor iodi fortis (BP) 

Iodine 

Potassium iodide ..... 

Methylated spirit (74 O.P.) .... 
Distilled water 

. lOg. 

• 6g. 

90 ml. 

. 10 ml. 

(4) Iodine-acetone. 


Liquor iodi fortis . . . . . \ 

Acetone . \ 

35 ml. 

. 965 ml. 

(5) Dilute carbol fuchsin. \ 


Ziehl-Neelsen’s (strong) carbol fuchsin (p. 653) \ 
Distilled water ...... 

, . 50 ml. 

' . 950 ml. 


Procedure for films 

(1) Cover slide with ammonium oxalate-crystal violet and allow to act for 
about 30 sec. 

(2) Pour ofF and wash freely with Lugol's iodine. Cover with fresh 
Lugol’s iodine and allow to act for about 30 sec. 

(3) Pour off LugoPs iodine and wash freely with iodine-acetone. Cover 
with fresh iodine-acetone and allow to act for about 30 sec. 

i 4) Wash thoroughly with water. 

5) Counterstain with dilute carbol fuchsin for about 30 sec. 

(6) Wash with water, blot and dry. 

It is essential that the whole slide is flooded with each reagent in turn, and 
that the previous reagent is thoroughly removed at each step. 


STAINING OF TUBERCLE AND OTHER ACID*FAST 

BACILU 

ZIEHL-NEELSEN METHOD 

This method is a modification of Ehrlich’s (1882) original method for the 
differential staining of acid-fast bacilli with aniline-gentian violet followed by 
strong nitric add. It incorporates improvements su^ested, successively, by 
Ziehl and Neelsen, and is described in a footnote in a paper by Johne (1885). 

The ordinary aniline dye solutions do not readily penetrate the substance 
of the tubercle bacillus and arc therefore unsuitable for staining it. However, 
by the use of a powerful staining solution that contains phenol, and the 
application of heat, the dye can be made to penetrate the badllus. Once 
stained, the tuberde bacillus will withstand the action of powerful decolour- 
ising agents for a considerable time and thus still retains the stain when 
everytl^g else in the microscopic preparation has been decolourised. 

The stain used consist^ of bade fiichsin, with phenol added. The dye ^ 
bade and its combination with a mineral add produces a compound that ts 
yellowish brown in colour and is readily dissolved out of aU structures 
add-fast bacteria. Any strong add can be used m a decohmridf^ agent, but 



ZIBHL-NBELSBN STAIN 6S3 

20 cent, sulphuric add (by volume) is usually employed, Add-alcdbol 

(p. 654) may also be used. 

In order to show structures and cells, including non-acid-fast bacteria, 
that have been decolounsed, and to form a contrast with the red-stained 
bacilli, the preparation is counterstained with methylene blue or malachite 
green. 

Solutiam required 

(1) Ziehl-Neelsen’s (strong) carbol fiichsin. 

Basic fuchsin JOV. 

Absolute alcohol (ethanol) 100 ml. 

Solution of phenol (5 per cent, in water) . 1000 ml. 

Dissolve the dye in the alcohol and add to the phenol solution. 

An alternative and quicker preparation is as follows: 

Basic fuchsin (powder) 5 g. 

Phenol (crystalline) 25 g. 

Alcohol (95 per cent, or absolute) . . . 50 

Distilled water 500 ml. 

Dissolve the fuchsin in the phenol by placing them in a one-litre over 
a boiling waterbath for about 5 min., shaking the contents from time to time. 
When there is complete solution add the alcohol and mix thoroughly. Then 
add the distilled water. Filter the mixture before use. 

(2) Sulphuric acid, 20 per cent, solution. 

Place 800 ml. water in a large flask. Add 200 ml. concentrated 
sulphuric acid (about 98 per cent; about 1*835 g. per ml.). The acid 
should be poured slowly down the side of the flask into the water. The 
mixture wfll become hot. Finally, mix gently. 

iVbte, — ^The acid must be added to the water. It is dangerous to add 
the water to the add. Great care must be taken to avoid spilling the 
add on skin or clothing, or elsewhere. Especial care must be taken to 
avoid splashing or spurting into the eye. In event of such an aeddent 
occurring the eye should at once be washed with an excess of clean 
water. 

(3) Alcohol 95 per cent. ' 

Ethanol 95 ml. plus water to 100 ml. 

(4) Counterstain. 

Laffler’s methylene blue (p. 645). 

Procedure for film. 

These are made, dried and fixed by flaming in the usual manner. 

(1) Cover the slide with filtered carbol fuchsin 2 nd heat until ^eam rise^ 
Allow the preparation to stain for 5 min«, heat being applied at mrervsls to 
keep the stain hot The stain must not be allowed to evaporate and dry on 
the slide; if necessary, pour on more carbol fuchdn to keep the whole slide 
covered with liquid. . - ## 

(JVo/«.--Th« slide nay be heated with a torch jOTpai^ by a mm 

OD to the tip of ao inocu l a ti og wire and d W 

®»etbylat#d bd^ When steam from 

Aftw dxwit 1 min. re-charge the torch with a|unt 
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re^light it, and again heat the slide until the steam rises. Continue in this way 
for 5 min.) 

(2) Wash with water. 

(3) Cover the slide with 20 per cent, sulphuric acid. The red colour of the 
preparation is changed to yellowish brown. After about a minute in the add, 
wash the slide with water, and pour on more acid. Repeat this process several 
times. The object of the washing is to remove the compound of add with 
stain and allow fresh acid to gain access to the preparation. The decolourisa- 
tion is finished when, after washing, the film is only very faintly pink. 

Decolourisation generally requires contact with sulphuric acid for a total 
time of at least 10 min. , 

(4) Wash the slide well in water. j 

(5) Treat with 95 per cent, alcohol for 2 min. This step is optional, and 

may be omitted; see below. \ 

(6) Wash with water, \ 

(7) Counterstain with Ldifier’s methylene blue or dilute malachite green 

for 15-20 sec. \ 

(8) Wash, blot, dry and mount. ' 

Acid-fast bacilli stain bright red, while the tissue cells and other organisms 
are stained blue or green according to the counterstain used. If tissue cells 
appear red, the preparation has not been adequately decolourised with sul- 
phuric acid. 

Note . — The practice of using staining jars in the Ziehl-Neelsen method is 
to be condemned, as with a positive sputum, stained tubercle bacilli may 
become detached and float about in the staining fluid or decolourising agent. 
After a number of strongly positive films have been passed through the 
staining jars the number of free stained tubercle bacilli may be considerable. 
Negative material may, during the staining process, pick up these bacilli and 
so appear positive when exammed microscopically. These false positives can 
give rise to serious errors of diagnosis. Each slide, therefore, should be 
stained individually by pouring on the stain from a bottle, the washing done 
with a stream of tap water and the subsequent decolourising and staining fluids 
added to the film from bottles. When drying with blotting paper, a fresh 
clean piece of paper is used for each slide and then discarded. The practice of 
using a number of large sheets for drying a succession of slides is also con- 
demned as tubercle bacilli from a positive film may adhere to the blotting 
paper and subsequently be transferred to a negative film. 

Use of alcohol for secondary decolourisation . — After primary dccolourisa- 
tion with sulphuric acid, the film may be treated with 95 per cent, alcohol as a 
secondary decolouriser (step 5, above). The basis of this practice is the fact 
that tubercle bacilli are alcohol-fast as well as acid-fast. One advantage of 
using alcohol is that decolourisation is completed more quickly and the 
margins and underside of the slide are more completely cleaned and freed 
from deposits of stain. 

Another advantage of using alcohol when the staining is bein^ ^ne for 
identification of tubercle badm, is that certain other acio*fast bawi, which 
may be encountered in pathological spramens and may otherwise be confused 
with tubercle baciUi, are decolourised by alcohol. Thus, spedmans of urine 
oftm contain the smep[ma bacillus, an acid»fa$t bactUus that is a harmless 
commensal inhabitant m the region of the urethral orifice. Some, tiiough not 
all strains of smegma bacillus are decolouri^ with alcohol and the use of 
dcdiol thus lessens, though it does not entirely remove the hkdStood of 
fosbh arising in the diagnoris of urinary tract tubercidorii^ 

Aadhcdcokd m of emjdoyisig 20 per caul, suiphunc 
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acid as a decolounsing agent, 3 per cent, hydrochloric acid in 95 per cent* 
alcohol (industrial methylated spirit) may be used (i.e. concentrated HCl, 3 
ml., and 95 per cent, alcohol, 97 ml.). The necessity for subsequent treatment 
with alcohol, as in the original method, is obviated. Acid-alcohol is a more 
expensive reagent than sulphuric acid, but it is much less corrosive and more 
converuent to make up and employ, while its use definitely excludes organisms 
that are acid-fast but not alcohol-fast. 

Malachite grem as counterstain.— Melzchxtt green is also recommended as 
a counterstain in the Ziehl-Neelsen method. A stock solution of 1 per cent, in 
distilled water is made, and for use a small quantity is diluted with distilled 
w^ater in a drop-bottle so that 15—20 seconds* application of the weak stain 
giv<^ the background a pale green tint. Deep counterstaining must be 
avoided. The pale ^een background is pleasant for the eyes, and is required 
for the method in which a deep blue-green filter is used for the easy recognition 
of tubercle bacilli. 

Procedure for sections 

Sections are treated with xylol to remove paraffin, then with alcohol, and 
finally are washed in water. 

(1) Stain with Ziehl-Neelsen’s stain as described for films, but heat gently, 
otherwise the section may become detached from the slide. 

(2) Wash with water. 

(3) Decolourise with 20 per cent, sulphuric acid or acid-alcohol as for 
films. The process takes longer owing to the thickness of the section, and care 
must be exercised in washing to retain the section on the slide. 

(4) Wash well with water. 

(5) Counterstain with methylene blue or malachite green for mim 

(6) Wash with water. 

(7) Wipe the slide dry all round the section, blot with filter paper or 
fiufiSess blotting paper, and treat with a few drops of absolute alcohol. Pour 
on more absolute alcohol, wipe the slide again and clear in xylol. 

(8) Mount in Canada balsam or DPX. 

Modification of ZiehUNeelsen method for staining of leprosy bacUU 

Leprosy bacilli are also acid-fast, but usually to a lesser degree than the 
tubercle bacillus. They are stained in films or sections in the same way as the 
tubercle bacillus, except that 5 per cent, sulphuric add is used for decolourisa^ 
tion. 


STAINING OF DIPHTHERIA BACILLUS AND 
VOLUTIN-CONTAINING ORGANISMS 

The diphtheria bacillas gives its characteristic volutin-strining reactiooe 
best in a young culture (18—24 hr.) on a blood or serum medium* 


AUERT’S METHOD 
, Layboum't (1924) modification, in whi^ 

for methyl gt««^ 4a ^b®*!*"*®"!*^**"*®***^®^^ Itis weom- 

oaended for rouim uae. 
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Alberts sUdn 

Toluidine blue . 

Malachite green . 

Glacial acetic acid 
Alcohol (95 per cent, ethanol) 
Distilled >vater . 


2*0 g. 

10 ml. 
20 ml. 
1000 ml. 


Dissolve the dyes in the alcohol and add to the water and acetic add. 
Allow to stand for one day and then filter. 


AWerts iodine 

Iodine • 6 g. 

Potassium iodide ..... * ^ S* 

DistiUed water . 9(K) ml. 

.Note , — The iodine solution used in Jensen*8 mod ation of Gram’s 
method (p. 649) works equally well. 


Procedure 

(1) Make film, dry in air, and fix by heat. 

(2) Cover slide with Albert’s stain and allow to act for 3-5 min. 

(3) Wash in water and blot dry. 

(4) Cover slide with Albert’s iodine and allow to act for 1 min. 

(5) Wash and blot dry. 

By this method the granules stain bluish black, the protoplasm green and 
other organisms mostly light green. 


NEISSER’S METHOD (Modified) 


The following modification of Neisser’s method gives better results than 
the original: 


Neissets methylene blue stain. 

Methylene blue . 

Ethyl alcohol (95 per cent.) 
Glacial acetic add 
Distilled water . 


. so mL 
so ml. 

. 1000 ml. 


Procedure 


(1) Stain with Neisser’s methylene blue for 3 min. 

(2) Wash off with dilute iodine solution (iodine solution of Kopeloff and 

Beerman’s modification of Gram’s method, p. 647, diluted 1 in 10 water) 

and leave some of this solution on the slide for 1 min. 

(31 Wash in water. 

(4) Counterstain with neutral red solution for 3 min., using the same 
solution as that employed in Jensen’s modification of Gram’s method (p. 649). 

(5) Wash in water and d^. 

By this method the badlli exhibit deep blue granules and the remainder of 
the organism assumes a pink colour. 


STAINING OF I^BES 

If i^{e>beaiing.oigani8ms are stained with ordinary dyes, or by Gram’* 
the body of the bacillus is deeply coloured, w fam ^aa ^ ** 



STAmS FOR SPORES 

and appears as a dear area in the organism. This is die vttcf^ hi 
grhich spores are most commonly observed. If dedred, however, it is peadble 
jy vigorous stainii^ procedures to introduce dye into the substance of die 
ipore. When thus stained, the spore tends to retain the dye after treatment 
gdth decolouruing i^ents, and in this respect behaves siffldarly to the tuberde 
Dadllus (q.v.). 


ACm-FAST STAIN FOR SPORES 

Films, which must be thin, are made, dried and fixed in the usual manner 
with the m inimum amount of heating. 

(1) Stain with Ziehl-Neelsen’s carbol fuchsin (p. 653) for 3-5 min., 
the preparation until steam rises. 

(2) Wash in water. 

(3) Treat with J or J per cent, sulphuric acid for one to several minutes, 
the period being determined by trial for each culture. Alternatively, occetlent 
results are obtained by decolourising in a 2 per cent, solution of nitric add in 
absolute ethyl alcohol; the slide is dipped once rapidly in the solution and 
immediately washed in water. 

(4) Wash with water. 

(5) Counterstain with 1 per cent, aqueous methylene blue for 3 min. 

(6) Wash in water, blot and dry. 

The spores are stained bright red and the protoplasm of the badlli blue. 

It should be noted that the spores of some bacteria are decolourised more 
readily than those of others and that lipid indusion granules may stain dark 
-ed, appearing like small spherical spores. . . 

Nigrotin method (see also p. 645).— As an alternative to counterstauuM 
with methylene blue in the aid-fast staining method for spores, a drop of 10 
per cent, nigrosin solution may be spread thinly over the dried, decotounsed 
ilm with the edge of another slide. This provides a dark background which 
outlines the unstained badllary bodies. 


MALACHITE GREEN STAIN FOR SPORES 
(Method of Schaeffer and Fulton, modified by Ashby (1938)) 

Films are dried and fixed with minimal flaming. 

(1) Place the slide over a beaker of boiling water, resting it on the run with 

*^2)‘^^n?!riSnwSi seconds, large droplets 

uncteiiide of the slide, flood it with a 5 per cent, aqueous solution of malachite 

green and leave to act for 1 min. while the water continues to boiL 

(3) Wadi in cold water. . _ ... fnr 

(4) Treat widi 0-5 per cent, saframne or 0 05 per cent, basic fochan for 

30 sec. 

SiSSls^'rs the spores green and the vegetotivebacilU red. Wpid 

granules are unstained. 


STAINING OF CAPSULES 

2t 
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of the common stains such as basic fiichsin, polychrome methylene blue, 
Leishman’s stain (p* 664) and Gram’s stain (which colours them witb tiieired 
counterstain). Special capsule stains may be of little advantage in such cases. 
On the other hand, when artificial cultures of bacteria are being examined, the 
capsules normally are not cobured by ordinary staining methods and special 
methods must be employed for their demonstration, e,g. “negative” or “relief” 
staining. 

The best method for staining capsules on bacteria from cultures in either 
liquid or solid media is the wet-film India ink method. Dry-film negative 
staining methods using India ink, nigrosin or eosin are somewhat less reliable 
since occasionally shrinkage spaces give the appearance/ of capsules around 
bacteria that are non-capsulate and occasionally, espemally in thick films, 
capsules may be shrunken or obscured to the point thn they are rendered 
invisible. Dry film methods in which positive staining of capsules is attempted 
are the least reliable and are not recommended. The ^vantages and dis- 
advantages of all these different methods are discussed by Duguid (1951). 

Loose slime . — Many capsulate and some non-capsulau bacteria secrete 
extracellularly a viscid material, generally polysaccharide in composition. 
This may be seen in preparations made by some of the methods used for 
staining of capsules. The wet-film India ink method and the dry-film eosin 
method (see below) are recommended for this purpose. The slime appears as 
irregular masses of amorphous material lying between the bacteria and outside 
the capsules of capsulate ones. 


DEMONSTRATION OF CAPSULES IN WET INDIA INK FILMS 

If a permanent preparation is required for demonstration of bacterial 
capsules, it is necessary that a dry-film method should be employed, as 
described above ; otherwise capsules are best observed in very thin wet films 
of India ink. This is the simplest, most informative and most generally 
applicable method of demonstrating capsules. The capsules do not become 
shrunken, since they are not dried or fixed, and they are clearly apparent even 
when very narrow. 

A microscope slide is carefully wiped free from grit particles. A loopful of 
India ink is placed on it. A small jportion of solid bactenal culture is emulsified 
in the drop of ink, or else a looptul of a liquid culture is mixed with the ink. 
A clean coverslip is placed on the ink drra; it is pressed down firmly through 
a sheet of blotting paper so that the ink nlm becomes very thin and thus pale 
in colour. The film should be so thin that the bacterial cell with its capsule is 
‘^gripped” between the slide and covmUp, neither being overlaid by ink nor 
being capable of moving about 

Some practice is required in maidng satisfactory films. A large bopful of 
ink should be used and a very small 8pe» of solid culture materi^. The latter 
is rubbed on the slide just b^ide the drop of ink before mixing it into the ink 

On microscopical examination with the oil-immersion objective the highly 
refractile outline of the bacterium is seen- Between this refractile surface- 
membrane and the dark baciwound of ink particles there b a clear space 
which represents the bacterial Capsule ; the capsubr zont may be from a 
fraction of a micron to several microns in width. Non-capsulated bactena do 
not show this clear zone ; the ink prtidcs directly abut the refractile cell 
and, in conseouence, these bactem arc not easity seen. When solW bsctenai 
culture ia newly mxtd with the ink, any bnm stim in b can be ^ 

itmtiili and massea, ligfa^ than the ink, winch gradual^ dyuqperse from tn 
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bftCtctiA and dissolve in the mk» Loose slime is generally invisible if tibe 
preparations are made from cultures in a liquid medium. 

iVbre.~Sometimes a bottle of India ink becomes contaminated with a 
cap^lated saprophytic bacterium. To avoid error from this cause, a film of 
the ink alone should be examined microscopically and proved to be free from 
capsulated bacteria. 

Use of phase-contrast microscope.— It is recommended that wet India ink 
films should be examined with a phase-contrast microscope. Since the bodies 
of the bacteria are not stained in such films their outlines are only faintly visible 
under the ordinary^ microscope. With the phase-contrast microscope the 
bodies of the bacteria appear dark and are seen in clear contrast to the bright 
capsular zones surrounding them. 


DEMONSTRATION OF CAPSULES IN DRY INDIA INK FILMS 

(Method of Butt, Bonynge and Joyce (1936)) 

(1) Place a loopfiil of 6 per cent, glucose in water at one end of a slide. 
Add a small amount of bacterial culture to this and mix to form an even 
suspension. Add a loopfiil of India ink to the drop, and mix. 

(2) Spread the mixture over the slide in a thin film with the edge of a 
second glass slide. Dry thoroughly by waving in the air. 

n) Fix the film by pouring over it some undiluted Leishman stain or 
methyl alcohol. Drain off excess at once and dry thoroughly by warming over 
a flame. 

(4) Drop on methyl violet solution as used in Gram’s stain, and stain for 
one or two minutes. Wash in water. Blot and dry over a flame. 

(5) Examine directly with the oil-immersion objective. 


DEMONSTRATION OF CAPSULES BY RELIEF STAINING 
WITH EOSIN 


(Method of Howie and Kirkpatrick (1934)) 


Staining solution: 

10 per cent, water-soluble eosin, “yelbwish” or “bluish”, or 

erythrosin in distilled water 4 parts 

Serum (human, rabbit, sheep or ox, heated at 56® C, for 

thirty minutes} 1 

Crystal of thymol 


Allow the mixture to stand at room temperature for several da]^# Centri- 
hige and store Ac supernatant fluid at room temperature; it keep for 
several months. 

On a slide wiA a l*mm. diameter wire loop, mix one drop of exuibte (or 
fluid culture, or a suspension in broth from an agar slope culture) vrith OM 
drop of ZieU-Neelsen's carbol fachsin stain diluted 1 : 5, and allow to ^aih 
for half a minute. Then add one drop of the eosin solution and leave for 

Imin. Spread a fitei wiAdgarettc paper or with Ae edge of another 

in making a blood Allow to ^ (do not heath and exaimn e with me 
ofl-u^errion objertive. , • i 

^ .If intense of the bacterium is not wenff , the p 

®^nihg with dilute carbol fuchrin may be omitted. Films of 
t>rgani8m8 prepared by this method show a practically homogeneous red oacic- 
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ground with an unstained capsular area prominently showxif and the bodies of 
the oigfanisms stained red of about the same intensity as the background or 
slightly darker. The capsules are thus seen by '‘relief staining’". If free slime 
is present in the culture, it is often seen as a light granular or fibrous deposit 
distributed throughout the red background between the badlli. 

DEMONSTRATION OF FLAGELLA 

Because of their extreme thinness, fiagella are best demonstrated with the 
electron microscope; metal-shadowed films or films made with phosphotung- 
stic acid (PTA) for “negative staining” are emplc^ed. Flagella can also be 
demonstrated by the light microscope, using specid staining methods which 
require most careful attention to details of technique. Tora^e possible their 
resolution, the flagella must be thickened at least ten-fc*d by a superficial 
deposition of stain. In spite of this, their characteristia arrangement and 
wave form are generally distinguishable. \ 

STAINING OF FLAGELLA BY LEIFSON’S METHOD 

(Modification used at Microbiology Department, 

Lister Institute of Preventive Medicine) 

The stain, basic fuchsin with tannic acid, is deposited on the bacteria and 
flagella from an evaporating alcoholic solution. The degree of staining is 
controlled by an exact determination of the duration of Exposure. Good 
results depend to a large extent on preliminary thorough cleaning and flaming 
of the glass slides. 

(1) Clean the slides with absolute alcohol, rubbing with a fine cotton cloth. 
Then inunerse them in concentrated sulphuric acid saturated with potassium 
dichromate (p. 660) for several days at room temperature or for an hour at 
90° C. (In the latter case it is advisable to place the beaker of solution in a 
strong metal container with sand while heating.) During all subsequent stages 
until staining is complete, take care not to finger the slides, even at their edges, and 
do not let them touch surfaces not properly cleaned and grease-free. Using 
forceps, transfer the slides to cleaned Coplin jars in which Siey wiU be kept for 
rinsing, drying and storing do not overcrowd. Rinse thoroughly with tap 
water and finally with distilled water. Allow to drain and dry in air with the 
jar inverted on clean blotting-paper. Store with the jar closed to prevent 
contamination by air-bome dust. Just before use, flame the slide for a few 
seconds, passing it with each face downwards about six times through a blue 
Bunsen fiune. Place on a clean warmed metal rack and allow to cool. Mark 
or number the slide with a diamond while holding with forceps. 

(2) Fix the broth culture, or saline suspension of an a^ culture, by adding 
formalin to give a final formaldehyde concentration of 1-2 per cent (w/v)- 
Sediment tte bacilli by centrifuging at 2000^3000 r.p.m., preferably in « 
horizontal centrifuge. Decant the supernatant liquid and gently resuspend 
the bacilli in distilled water by rotating the tube altem^y in 
direcdons, rolling it between the palms of the hand. Centrifuge again and 
ger^y resuspend in fresh distilled water so as to obtain a fintu suspension 
which is onh slightly ebudy (e.g. equal to Brown’s omdtv standard no. 1* 

p. 871). With a Burned platinum loop, place a large loopm of thesusjpcnsion 
on the prepared dide and gentiy sprei^ over an area 1-2 cm. kt 
AUowtodry in air at room temperature or in an incubator at 37^ C. 

fixfihn. 
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(3) The stam is prepared as follow: 

Tannic add g. 

Sodium chloride 5 gf * 

]^c fuchun • 4 

Thoroughly mix the powdered ingredients in these proportions and store dry 
in a stoppered container. Prepare tiie solution by adding 1 9 g. of the powder 
niixture to 33 ml. of 95 per cent, ethyl alcohol and, when mostly dissolved (e.g. 
in ten minutes), addii^ distilled water to make a final volume of 100 ml 
Adjust the pH to 5-0 (at least within 0-2) by addition of NaOH or HQ, »ring a 
pH meter (p. 848). Store the solution in a stoppered bottle in the refrigerator 
at 3'’-5° C., where it may remain stable for several we^. 

Alternatively, prepare three stock solutions: (1) tannic add, 3-0 per cent, 
(w/v) in water with 0-2 per cent, (w/v) phenol as preservative; (2) sodium 
chloride, 1-5 per cent, (w/v) in water; and (3) basic fuchsin, 1-2 per cent (w/v) 
in 95 per cent, ethyl alcohol. (The basic fuchsin must have a pH of 5*0; it 
may be compounded thus by mixing one part of pararosaniline hydrochloride 
with three parts of pararosaniline acetate. Allow several hours for solution in 
the alcohol.) Mix the three solutions in exactly equal proportions to prepare 
the stain. 

(4) Place the prepared slide horizontally on a carefully levelled staining 
rack. Pipette exactly 1 ml. stain on to the slide so that it covers the whole 
surface. Leave at room temperature for exactly the required time, using a 
stop watch. Several similar preparations should be stained for different times, 
e.g. for 6, 8, 10 and 12 min., so that the best may be chosen. The optimal 
duration of staining will vary with the batch of stain, the room temperature 
and other factors; the apparent thickness of the flagella increases with the 
duration of staining. Rinse off the stain gently by placing the slide under a 
slowly running water tap; do not pour off stain before rinsing. Counterstain 
with methylene blue, e.g. with borax methylene blue (p. 645) for 30 min. to 
colour the bacterial protoplast Wash with water, rinse with distilled water, 
drain, dry in air and examine by oil-immerMon. 


STAINING OF INTRACELLULAR UPID 
\mH SUDAN BLACK 
BURDON’S (1946) METHOD 


0-3 g. 
100 ml 


Sudan black stain: 

Sudan black B powder 

70 per cent ethyl alcohol 

Rhi^lr» thorou^y at intervals and stand overnight before use. Keq> in a 
well-stoppered bottle. 

Procedure 

(1) Make a film, dry in air and fix by flanung. ‘ 

(2) Cover tiite ^tire slide with Sudan black stam and leave at room 

tenq>«ature for 15 min. ..•• 

(3) Drain off excess stain, blot, and dry m^. 

» dUute caSfochain (pf 645) for S-10 sec.; rmse with tap water, blot and 
dry. 
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Lipid inclusion granules are stained blue^^black or blue^grey^ while the 
bacterial cytoplasm is stained light pink. 

STAINING OF CELL POLYSACCHARIDES BY THE 
PERIODIC ACID SaUFF (PAS) METHOD 
HOTCHEISS, 1948 

The polysaccharide constituents of bacteria and fungi are oxidised by 
periodate to form polyaldehydes which yield red-coloured compounds with 
Schiff’s fuchsin-sulphite; the proteins and nucleic acids remain uncoloured. 
The method may used to reveal fungal elements in /sections of infected 
animal tissue; the fungi stain red, while the tissue mate^al, except glycogen 
and mucin, fail to take the stain. 

. Periodate Solution. — Dissolve 0*8 g. periodic acid in 26 ml. distilled water; 
add 10 ml, of 0*2 M sodium acetate and 70 ml. ethyl alcohol. The solution 
may be used for several days if protected from undue exposure to light. 

Reducing Rinse. — Dissolve 10 g. potassium iodide and ^0 g. sodium thio> 
sulphate pentahydrate in 200 ml. distilled water. Add, with stirring, 300 ml. 
ethyl alcohol, and then 5 ml. of 2 iST hydrochloric acid. The sulphur which 
slowly precipitates may be allowed to settle out. 

Fuchsin-Sulphite Solution. — Dissolve 2 g. basic fuchsin in 400 ml. boiling 
water, cool to 50® C. and filter. To the filtrate add 10 ml. of 2 iV hydrochloric 
add and 4 g. potassium metabisulphite. Stopper and leave in a dark cool 
place overnight. Add 1 g. decolourising charcoal, mix and filter promptly. 
Add up to 10 ml. or more 2 N hydrochloric acid until the mixture when drying 
in a than film on glass does not become pink. Preserved in the dark and well 
stoppered, the stain remains effective for several weeks. 

Sulphite Wash. — ^Add 2 g. potassium metabisulphite and 5 ml. concentrated 
hydrochloric acid to 500 ml. cUstilled water. This should be freshly prepared. 

Procedure 

(1) Dry films in air and fix by flaming. For sections, fix tissue with usual 
fixatives; bring to 70 per cent, ethyl alcohol and wash thoroughly with this. 

(2) Treat with periodate solution for 5 min. at room temperature. Rinse 
with 70 per cent, alcohol. 

(3) Treat with reducing rinse for 5 min. Rinse with 70 per cent, alcohol. 

(4) Stain with fuchsin-sulphite for 15-45 min. 

(5) Wash twice or thrice with sulphite wash solution. Wash with water. 

(6) Coimterstain, if desired, with dilute aqueous malachite green {e.g. 
0*002 g. per 100 ml.). 

(7) Wash with water. Dehydrate and mount by the usual methods. 

Control sections are prepar^ similarly, omitting step (2). 

Unless easily soluble polysaccharides such as glycogen are to be demon- 
strated, tile meAod may be simplified by substitutipg distilled water for the 
alcohol in the periodate solution and by substituting tap water for rinsing in 
steps (l)-(3)> e.g. see below. 

MODIFIED PAS STAIN FOR FUNGI IN 
TISSUE SECTIONS 

(IV Bring sections to distilled water. 

(2) Treat for 5 min. vdth a freshly prepared 1 par cait i5flition of 
; acid in water. 



8TA1N1N6 OF NUCLEI 

ill wash solution for 5 min. 

M y““ r^-******?§.*5^J 5 min. and rinse in distilled water. 

(7) Countmtam with dilute aqueous malachite green or witii 0-1 per c«it 

hght green m 90 per cent, alcohol for 1 min. ^ 

(8) Dehydrate rapidly in absolute alcohol, clear in benaol and mount in 
Canada balsam. 


IMPRESSION PREPARATIONS 
KLIENEBERGER, 1934; BISSET, 1938 

These have been used in the morphological study of the pleuropneumonia 
group of organisms and of “rough** and “smooth** colonies of various bacteria. 

The essential part of the technique is to remove a small slab about 2 mm. 
thick of the solid medium (e.^. serum-agar) on which the organism is growing 
and place it colony downwards on a coverslip. The whole is immersed in 
fixative, so that the fixing fluid penetrates through the agar to reach the 
colony. When the bacteria are fixed, the agar is removed carefully from the 
coverslip which is well washed for two hours in distilled water, suitably 
stained and mounted. As fixative Bouin*s fluid (p, 676) may be used, or 
Flemrhing*8 solution (p. 677). For staining, methylene blue or dilute carbol 
fuchsin may be employed, but Giem8a*8 stain, applied by the slow method 
(p. 667), is the most satisfactory for the pleuropneumonia organism. T^he 
agar slabs, after fixation, may also be embedded, and vertical sections of the 
colony cut with a microtome. 


DEMONSTRATION OF NUCLEAR MATERIAL 
IN BACTERIA 

ROBINOW’S (1944, 1949) METHOD 

The nuclear bodies of bacteria can be differentiated from the cytoplasm if 
the ceUs are first treated with 1 N HCl at 60® C. and then stained wiA Giemsa’s 
solution. 

Method 

fixation 

Cut a small square from an agar plate on which the organisms are growing 
in a thin layer and place it in a deep dish (well sealed with a greased glmjpbte} 
in which 5 ml. of 2 per cent, osmium tetroxide, wetting three layers or ^sss 
balls, produces a strong concentration of osmic vapour. Expose the sgar for 
2-3 min. in the vapour. 

Place the square face downwards on a dean coverslip, remove the agar, djy 
the fitlfu of fixed bacteria deposited on the coverslip and fix in warm a^ohol* 
niercuric<^chloride (Schaudinn’s fluid, p. 676) for S min. Wash in water and 
store in 70 per cent, alcohol. 

(iViwfe.— ‘If osmium tetroxide is not available, a simpler method of fixadbh 
is to immerse the agar sqtiare, bacteria-^rrying side uppermost, in a shallow 
layer of alcohol for 5 mxu The agar block is dded in air before 

pi*esdng on awde pr coversfip for transfer of the bactexia. Secondary fixation, 

^ Sc^udiim V 
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Stamng 

Transfer films from 70 per cent alcohol tx) 1 JV HCl at 60® C, for 10 min. 
to “hydroly8e*\ Rinse in tap water and twice in distilled water and float on a 
staining solution made with 2-3 drops of Giemsa stain (G. T. Gurr’s R66 
Giemsa stain) per ml. of phosphate buffer (p. 666). Stain for 30 min. at 37® C, 
rinse and mount in water, and examine at once. This method shows the 
chromatic structures quite clearly. 

If sealed with wax, water mounted preparations will keep their colour 
contrast for a few days. 

Feulgen staining of deoxyribonucleic acid in the nuclear bodies may 
be effected by staining with Schiff s fuchsin-sulphite (b. 662) for 1 hr. at 
15-20® C. instead of staining with the Giemsa stain in me above method. 

To demonstrate the ceU wo//, make impression preparations fixed in 
Bouin’s fluid, as described on p. 663. Mordant for 20-301 min. with 5-10 per 
cent, tannic acid and stain with 0-02 per cent, crystal violw in water for about 
1 min. Mount in water. \ 


THE ROMANOWSKT STAINS 

The original Romanowsky stain was made by dissolving in methyl alcohol 
the compound formed by the interaction of watery solutions of eosin and zinc- 
free methylene blue. The original stain has now been replaced by various 
modifications which are easier to use and give better results; these are; 
Leishman’s, Wright’s, Jenner’s and Giemsa’s stains. The peculiar property 
of the Romanowsky stains is that they impart a reddish-purple colour to the 
chromatin of malaria and other parasites. This colour is due to a substance 
which forms when methylene blue is “ripened”, either by age, as in poly- 
chrome methylene blue, or by heating with sodium carbonate. The latter 
method is employed in the manufacture of Leishman’s and Wright’s stains. 
The ripened methylene blue is mixed with a solution of water-soluble eosin, 
when alprecipitate, due to the combination of these dyes, is formed. The 
predpitate is],washed with distilled water, dried and dissolved in pure methyl 
alcohol. (The methyl alcohol, i.e. methanol, must be “pure, for analysis”, and 
have a pH of 6*5. If too acid, the reaction must be adjusted by the addition of 
0*01 N NaOH.) Each modification of the Romanowsky stain varies according 
to the “ripening” and the relative proportions of methylene blue and eosin. 

According to the nature of the microscopic preparation, different stains are 
employed. Thus, for the cytological examination of blood, Jenner’s stain may 
be used, but Leishman’s stain is now generally employed ; for the malaria 
parasite and trypanosomes, Leishman’s and Wright’s modifications give the 
best results, while the pathogenic spirochaetes (particularly the Treponema 
palUdim of syphilis) and certain protozoa can be demonstrated best by 
Giemsa’s stain. Wright’s stain, which should be purchased ready for use, is 
applied in the same way as Leishman’s. 

The Romanowsky stains are usually diluted for staining purposes with 
dtstiUed water, when a precipitate is formed which is removed by subsequent 
washing. 

L&ISHMAN*S STAIN 

Tliia stam mav be purchased ready for use or made by dissolving ^1 5 g* pf 
Leiribiiian’apowd^^ in 100 ml. pure methyl akohol. Tlte powder is 
a nmrtar with a little methyl alcohol (“pure for analysis”, pn 6^5), foeresiducor 
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undfflso^ Stain altowd to settle and toe fluid decanted mto a botfle. , Who 
residue in the mor^r is treated with more methyl alcohol, and the process is 
rep^trf until all the stam goes into solution. The remainder of the methyl 
alcohol IS now added. The stain can be used within an hour or two of m^ix^. 

Film 

Dry unfixed films are used. The stain is first used undiluted, and the 
methyl alcohol fixes the film. The stain is then diluted with distilled water, 
and the staining proper carried out. 

(1) Pour the undiluted stain on the unfixed film and allow it to act for 
1 min. 

(2) By means of a pipette and rubber teat add double the volume of 
distilled water to the slide, mixing the fluids by alternately sucking them up in 
the pipette and expelling them. Allow the diluted stain to act for 12 min, 

(3) Flood the slide gently with distilled water, allowing the preparation to 
differentiate in the distilled water until the film appears bright pink in colour 
— ^usually about 30 sec, 

(4) Remove the excess of water with blotting paper and dry in the air. 

It is important that the reaction of the distilled water be neither acid nor 

alkaline. Any slight variations from neutrality may alter considerably the 
colour of granules in white blood corpuscles, etc., and give rise to supposed 
‘"pathological” appearances in cells which are really normal, A simple 
method of ensuring a suitable reaction of the distilled water is to keep large 
bottles of it — e.g. aspirator bottles — specially for these stains. Add 2 or 3 
drops of 1 per cent, aqueous neutral red solution. The usual reaction of 
distilled water is slightly acid, and a few drops of 1 per cent, sodium carbonate 
solution should be added until the solution shows the faintest possible sugges- 
tion of pink colour. 

Much trouble will be eliminated if a buffer solution is used instead of 
distilled water for diluting the stain and washing the slide. It is made as 
follows: 

Na2HP04 (anhydrous) 5‘447 g. 

KHaPOa 4752 g. 

Mix together in a mortar and keep as such. The buffer mixture is quite 
stable. 

Add 1 g. of buffer mixture to 2 litres of distilled water and this gives a pH 
of 7-0, which is suitable for most work. 

Some samples of stain may require a slightly more acid solution, of pH 6*8. 
For this mix 

Na^HPOs (anhydrous) 4*539 g, 

KHsP 04 . 5*940 g. 

Add 1 g. of the mixture to 2 litres of distilled water, 

iVols,— When stainmg is exccssivdy bluish, as in old films, good diflbten** 
tiation is obtained by brief wasl^ with 1 per cent. NaH8P04, 

Shute (1950) that fifteen seconds* fixation with the 

stain is suflSetent and that only four drops of stain arc necc^ary, is 

rocked for 12-15 sec. and then eight to twelve drops of w^r ^ nMm md 
thoroughly mix ed . Staimt^ proceeds for 15 min. and the diluted stain is 
flooded off in 3^3 sec* only* Irwadied for Schufeer*s dots will not be 

seen. 8hitt0jidw«»tesa pH<rf7*2for the dilu^ 

fw S€ki^i m Bemgn TeM M^dma the use of 
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Giemsa’s stain following Leishman’s stain has been recommended by 
Dinscombe (1945). 

Fix thin blood film with Leishman’s stain for 1 5-60 sec. Dilute with twice 
the volume of buffer solution at pH 7*0 and stain for 15 min. 

Wash off with dilute Giemsa’s stain (e.g. G. T. Gurr's R66) — 1 drop of 
stain to 1 ml. buffer solution at pH 7*0 — and stain with this for a further 30 
min. 

Wash with buffer solution. 

Blot and dry. 

Sections > 

(1) Treat the section with xylol to remove the paraffin then with alcohol 

and finally distilled water. \ 

(2) Drain off the excess of water and stain for 5~10 mm. with a mixture of 
1 part Leishman’s stain and 2 parts of distilled water or Duffer solution. 

(3) Wash with distilled water. \ 

(4) Differentiate with a weak solution of acetic acid (1 ^1500), controlling 
the differentiation under the low power of the microscope until the protoplasm 
of the cells is pink and only the nuclei are blue. 

(5) Wash with distilled water or buffer solution. 

(6) Blot, dehydrate with a few drops of absolute alcohol, clear in xylol and 
mount in Canada balsam or preferably DPX mounting medium (p. 644). 

Note . — If the eosin tint is too pronounced, it can be lightened by the use of 
very dilute caustic soda solution (1 : 7000) which is washed off whenever the 
desired colour has been obtained. 


GIEMSA’S STAIN 

This consists of a number of compounds made by mixing different propor- 
tions of methylene blue and eosin. These have been designated Azur I, Azur 
II and Azur Il-eosin. The preparation can be purchased made up, but 
batches may vary considerably. 

We can recommend the following method of preparation devised by Lillie 
(1943), which gives consistent and reliable results. It is excellent for staining 
blood films for malaria parasites, and also mouse or rat blood for trypano- 
somes. 

(1) Azure B Eosinate . — Dissolve 10 g. methylene blue in 600 ml. distilled 
water. Add 6*0 nd. concentrated sulphuric add. Bring to the boil and add 
2*5 g. potassium bichromate dissolved in 25 ml. distilled water. Boil for 20 
min. Cool to 10® C. or lower (placj^in refrigerator overnight). V^n cold 
add 21 g. dry sodium bicarbonate slowly with frequent shalong. Then add a 
5 per cent, solution of eosin (yellowish) and shake constantly until the margin 
of the fluid appears pale blue or bluish-pink. About 205 ml. will be required, 
and 150 mL of this can be added at once. Filter immediately, preferably on a 
vacuum funnel with hard paper. When the fluid has been drawn through and 
the surface b^ns to crack, add 50 mL distilled water. Allow to drain, and 
wash again with a second 50 ml. distilled water. Now wash with 40 ml. 
alcohol (95 per cent) and repeat with a second 40 ml. alcohol Dry the 
precipitate at room temperature or 37® C. (not higher). This constitutes 
Azure B eounate. 

(2) Amite A EmmUe.-^Vtoceed exM^^ as above, but use S*0 g^jfig^aamum 
bid^omate (in place of 2*5 g.) and dissolve it in 50 ml distilled 

(3) Metfylem Bhe £aimits.~D»s(dve 10 g« methjdenc blue ill 600 nal« 
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cold distilled water and precipitate as before with 5 per ceiil«#osin solntioiit 
filtering and drying as above. 

To make the finished stain, grind the three eosinates separately into fine 
powder in separate clean mortars. Then weigh out 500 mg. azure B eosinate, 
100 mg. azure A eosinate, 400 mg. methylene blue eosinate, and 200 mg. finely 
ground methylene blue. Decant the mixed powder on to the surface of 200 
ml. solvent, allowing it to settle in gradually. Then shake frequently for two 
or three days, keeping the bottle between 50® and 60® C. between shakings. 
The solvent consists of equal volumes of methyl alcohol (A.R.) and glycerol 
(A.R.). The proportion of stains given above should 3 deld a satisfactory 
staining piemre. The diluting fluid is buffer solution pH 7-0 (p. 665). 

This stain may be used in a manner somewhat similar to Leishman’s 
preparation (the “rapid method**), or prolonged staining may be carried out, 
as, for example, in staining spirochaetes (the “slow method**). In both cases 
the preparation must be fixed prior to staining, either with methyl alcohol 
(methanol) for 3 min., or with absolute alcohol (ethanol) for 15 min. 


Rapid Method 

(1) Fix films in methyl alcohol for 3 min. 

(2) Stain in a mixture of 1 part stain and 10 parts buffer solution pH 7*0 
for 1 hr. 

(3) Wash with buffer solution, allowing the preparation to differentiate for 
about 30 sec. 

(4) Blot and allow to dry in the air. 

This method of staining gives excellent results with thin blood films for 
malaria parasites, Shiiffner’s dots being well defined. Trypanosomes are also 
well demonstrated. 

A rapid method toith the application of heat is useful for demonstrating 
spirochaetes. 

Fix preparations with absolute alcohol (15 min.) or by drawing three times 
through a flame. Prepare a fresh solution of 10 drops of Giemsa’s solution 
with 10 ml. of buffer solution of pH 7*0 (p. 665), shake gently and cover the 
fixed film with the diluted stain. Warm ^1 steam rises, allow to cool for 15 
sec., then pour off and replace with fresh stain and heat again. Repeat the 
procedure four or five times, wash in distilled water, dry and mount. 

Slow Method 

This is a specially valuable method for demonstrating objects difficult to 
stain in the ordinary way, e.g. certain pathogenic spirochaetes. The principle 
is to allow the diluted stain to act for a considerable period. As the mixture of 
stain and water causes a fine precipitate, care has to be taken that this do^ not 
deposit on the film. 

Slides^ — The film is fixed in methyl alcohol for 3 min. A mixture is n^e 
in a Petri dish in the proportion of 1 ml. of stain to 20 ml, of buffer solution, 
pH 7*0. A piece of tiiin glass rod is placed in the Petri dish, and the sUdes, 
after fixing, are laid film downwards in the fluid with one end of the slide 
1‘esting on the ghiss rod so that there is sufficient staining fluid between the 
film and the bottom of the dish. After staining for 16—24 the sbdes are 
washed in a fty esm of buffer solution, allowed to dry in air and mounted^ 
Tiete slu^uld be no deposit cd prec^itated stain on the preparation. 

Adadd*$ This method has been utilised for staining the 
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flagella of SfiriUum minus (p. 270) and can also be applied in the staining of 
delicate spirochaetes. Fix the preparation for 30*60 sec, with osmic acid 
yapour over the following solution: osmic acid 1 g., distilled water 100 ml., 10 
drops of 5 per cent mercuric chloride ; and then stain overnight in dilute 
Giemsa’s solution {mde supra) to each 10 ml. of which 06 ml. of 1 per cent, 
potassium carbonate has been added. 


FIELD’S (1941) RAPID METHOD OF STAINING THICK BLOOD 
FILMS FOR MALARU PARASITES 

This method can be recommended for routine use. | 

In preparing the blood films it is important to ensure tW they are not too 
thick. Drying may be assisted by placing the film in the incubator. After the 
film is quite diy it may be passed very rapidly two or thrie times through a 
Bunsen or spirit flame, each passage occupying two to three seconds. When 
cool the film is ready for staining. 


Field’s Stain 

(Obtainable also in tablet form) 

Solution A (methylene blue) : 

Methylene blue . 1*3 g. 

Na2HP04 (anhydrous) i . 5*0 g. 

(If Na2HP04, 12 H,0, is used, 12 6 g.) 

Dissolve in 50 ml. distilled water, bring to the boil and evaporate almost to 
diyness in a waterbath, then add KHjPO* (anhydrous) 6*25 g. Add 500 ml. 
of freshly boiled and still warm distilled water, stir until the stain is completely 
dissolved and set aside for 24 hr. Filter before use. If a scum forms during 
use, filter again. 

Alternatively, if Azur I is available there is no need to carry out the poly- 
chroming of the methylene blue as outlined above, and Solution A can be 
made as follows: 


Methylene blue 0*8 g. 

Azur I 0*5 g. 

NaaHP04 (anhydrous) 5*0 g. 

(Na,HP04, 12 HaO, 12 6 g.) 

KHsP 04 (anhydrous) 6*25 g. 

(KH*P04,2HA86g.) - 

Distilled water 500 ml 


The phosphate salts are first dissolved in freshly boiled and still warm 
distilled water and the stain is then added. Set aside for 24 hr. and filter 


before use. 


Solutim B (eosin): 


Eom 

. . . 1-3 g. 

NsiHPO. (anhydrous) .... 
(Na^HPO., 12 H,0, 12-6 g.) 

. 5*0g. 

EkjH[|P04 (anhydrous) .... 
(KH^4,2H,O,8-0g.) 

. 6*25 g. 

ObtiUed urater ..... 

. . . 500 od. 
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The phosphate salts are first dissolved in freshly boiled at&d still warm 
distilled water, then the stain is added. Set aside for 24 hr. wd filter before 
use. 

The stains are k^t in covered jars, Ac level being maintained by Ae 
addition of fresh stain as necessary. The same solution may be used con** 
tinuously for many weeks wiAout apparent deterioratioii, but the eosin 
solution should be renewed when it becomes greenish from the slight carry- 
over of methylene blue {vide infra). If solutions show a growth of bacteria or 
moulds Aey should be discarded and replaced from stock solutions which, if 
stored carefully, will remain satisfactory up to a year. 


Method of Staining 

(1) Dip the slide into the Solution A for 1~2 sec. only. 

(2) Remove slide and immediately rinse gently in a jar of clean distilled or 
tap water until Ae stain ceases to flow from the fflm and Ae glass of Ae dide 
is free from stain. 

(3) Dip the slide into Solution B for 1-2 sec. only. 

(4) Rinse gently for 2-3 sec. in dean water. 

(5) Place vertically against a rack to drain and dry. 

The relative times may require slight adjustment to suit different batches 
of stain. 

Films up to 3 wk. old may benefit from immersion in phosphate buffer 
solution (as used for dissolving the stains) until haemoglobin begins to diffuse 
out. The film is stained in Ae ordinary way. Unduly thick films should be 
similarly immersed before staining to remove Ae greater part of the haemo- 
globin. The phosphate buffer solution may be used in place of water for 
rinsing between Solutions A and B. 

AnoAer meAod of staining thick blood films for malaria parasites is Aat 
of Simeons (1942). 


STAINING OF SFIROCHAETES 


FONTANA’S METHOD FOR FILMS 


SobtUom required i 


(a) Fixative: 


Acetic add 

. 1 nd* 

Formalin 

2 mL 

Diatilled ^ter 

. 100 ml. 

(6) Mordant: 


Phenol . . . 

• Jg' 

Tannic add 

. 5g. 

Distilled water 

. 100 ml 

(c) Ammamated t^ver nitrate: 



Add 10 per cei^ ammonia to 0*5 per cent solution of sdvtar oifrate 
in diswli^ water unAAopredpitaUe formed 
eM more silver nitrate sciution drop by drop utUil 
letuiTM and does not rediss^ve. 
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(1) Treat the film three times, 30 sec. each time, with the fixative, 

(2) Wash olF the fixative with absolute alcohol and allow the alcohol to act 
for 3 min. 

(3) Drain off the excess of alcohol and carefully bum off the remainder 
until the film is dry. 

(4) Pour on the mordant, heating till steam rises, and allow it to act for 
30 sec. 

(5) Wash well in distilled water and again dry the slide. 

(6) Treat with ammoniated silver nitrate, heating till steam rises, for 30 
sec., when the film becomes brown in colour. 

(7) Wash well in distilled water, dry and mount in ada balsam. 

It is essential that the specimen be mounted in balsar under a coverslip 
before examination, as some immersion oils cause the filxi l to fade at once. 

The spirochaetes are stained brownish-black on a brov lish-yellow back- 
ground* 


BECKER’S METHOD (MODIFIED) 
The fixative and mordant are as in Fontana’s method. 


Staining solution: 

Basic fuchsin (saturated alcoholic solution) .45 ml. 

Shunk’s mordant B (95 or 100 per cent, ethanol 16 ml. and 
aniline oil 4 ml.) . ... 18 ml. 

Distilled water ‘ . 100 ml 


Mix the Shunk’s mordant with the alcoholic fuchsin and then add the 
distilled water. (The glassware should be dry.) 


Procedure 


( 1 ) 

it! 

( 4 ) 


( 6 ) 

( 7 ) 

( 8 ) 


Filter stain and reagents into jars for use. 
Make film and dry in air. 

Place in fixative for 1-3 min. 

Wash in water for c. 30 sec. 

Treat with mordant for 3-5 min. 

Wash in water for c, 30 sec. 

Place in staining solution for 3-5 min. 
Wash well in water and drain dry. 


LEVAOm’S METHOD OF 'STAINING SPIROCHAETES 
IN TISSUES 

P]r]ridine Modification . 

This method is more rapid than the original technique. 

(1) Fix tissue, which must be in small pieces 1 mm. thick, in 10 per 
cent, formalin for 24 hr. 

(2) Wash the tissue for 1 hr. in water and thereafter place it in per 
cent alcohol for 24 hr. 

(3) I^aoe the tissue in a 1 per cent solution of silver nitrate (to which 
<me*tentii of tius volume of pure pyridine has been added) for 2 h]:.H«t r(^ 
tempMiftuie, ai^ thereafter at al^t 50* C for 4-fi hr; It is tiien rapidly 
washed in 10 per cent pyridine scdution. 
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(4) Transfer to the reducing fluid, udiich consists of; 

Formalin 4 per cent . . . . . 1(K) parts 

to which are added immediately before use: 

Acetone (pure) 10 parts 

Pyridine (pure) 15 parts 

Keep the tissue in this fluid for two days at room temperature in flie du*!;. 

(5) After washing well with water, dehydrate the tissue with increasing 
strengths of alcohol and embed in paraffin (p. 677). Thin sections are cut and 
mounted in the usual way. After removing the paraffin with xylol the sections 
are immediately mounted in Canada balsam. 


STAINING OF AMOEBAE AND OTHER 
INTESTINAL PROTOZOA IN FAECES 
Iron haematoxylin stain 

Fix wet smears in Schaudinn’s fluid (p. 676) for 5 min. or longer. 

Wash the films in 50 per cent, alcohol and apply Gram’s iodine for 2 min. 
to remove the mercury s^t, remove the iodine with alcohol and wash the films 
in water. 

Stain with iron haematoxylin for 10-20 min. 


Iron Haematoxylin'. ^ 

[а) Haematoxylin 1 g. 

Absolute alcohol 100 ml. 

(б) Liquor ferri perchlor. 30 per cent 4 mL 

Concentrated hydrochloric acid . . . .1 ml. 

Distilled water 100 ml. 


Mix equal parts of (a) and (6) immediately before using. 

After stainii^, wash films in water, pass through alcohol, clear with xylol 
and mount in balsam, as in the treatment of tissue sections. 

Preparatioits may be counterstained with van Gieson’s stain for 15-3PO sec. 

Saturated aqueous solution of acid fuchsin 1-3 parts 

Saturated aqueous solution of picric add 100 parts 

Dehydrate rapidly with absolute alcohol, clear in xylol uid mount in 
balsam. Fixed wet preparations must be treated in the same manner as 
sections and never be allowed to become dry. 


DobeU’a (1942) Method 

Fix films as above!, and after washing in ffistilled water, mordant for 10 
tnin. in 2 per cent, vimtery solution of ammonium imdybdate. 

Wtnh m distilled water and stain for 10 min. with 0*2 pm* cent. hsMSa-* 
toxylin scflution in water (the haematoxylin should be ftedi, not “rq^ened”). 

Wash in diadlled water and transfer to tap water for about 30 min., 
unHlthei^aafomeBabhieaflour. Dehydrate wifoalcohtd, clear whb xylol 
®nd mount in hadanni 
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STAINING OF FUNGI IN WET MOUNTS WITH 
LACTOFHENOL BLUE 


Staining solution: 


Phenol crystals . 

20 g. 

Lactic acid 

20 ml. 

Glycerol .... 

... . . .40 ml. 

Distilled water . 

20 ml 

Ck)tton blue (or methyl blue) 

.1 . 0 075 g. 


Dissolve the phenol crystals in the liquids by gentle warming and then add 
the dye. 


**Ne6dle-moiiiit*’ Method 

(1) Place a drop of the stain on a slide and in this gentlyWase a fragment 

of the culture with needles. ' 

(2) Apply a coverslip with little pressure, as far as possible eliminating 
bubbles. With blotting-paper remove the excess stain exuding at the edges of 
the coverslip. 

(3) After several hours or a day, seal the edges with cellulose lacquer to 
make a peritlanent preparation. {Note . — Some staining occurs rapidly, but 
the preparation improves on standing for several hours.) 

Staining of slide culture preparations. Slides or coverslipsl bearing fungus 
grown in situ by the slide culture method are mounted undisturbed with a 
drop of lactophenol blue. 

It is an advantage to treat needle-mount and slide culture preparations 
with 95 per cent alcohol before applying the lactophenol blue stain; the stain 
is added while the preparation is still moist with alcohol. This procedure 
hdps to obviate the trapping of bubbles of air in the specimen. 


STAINING OF VIRUS INCLUSION AND 
ELEMENTARY BODIES, AND RICKETTSIAE 
INCLUSION BODIES 

For intranuclear and c]rtoplasmic inclusions Giemsa’s stain, p. 666, is 
satis&ctory when such forms are of a basophiUc nature as in psittacosis. For 
acidophilic inclusion bodies other stains give more satisfactory results. 

Mftim’s Methyi-Blue Eosin Stain 


1 per cent, aqueous solution of methyl blue . . .35 parts 

1 per cent, aqueous solution of eosin . . .45 parts 

DistiUed water 100 parts 


Fix tissues in Bouin’s solution (p. 676) or Zenker’s fluid (p. 675), 
paraffin sections in the usual way. I^n for 12 hr. in the incubator at 37*^ C. 
Rinse the section in water, differentiate under the microscope in 70 per cent, 
alcohol to each ml of which has bam added one dm^ of saturated aqueous 
Orange G solution^ dehydrate and mount in balsam, ...» 

hi Forties modification the sections are stained for 3 hr. at 37® C*, treated 
witii 40 per cent fomalddiyde (strong formalin) for 5 sec*, washed in water, 
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differentiated and mounted as above. This method is eimecially usie&d W 
staining the Negri bodies in rabies. .. ^ 


ELEMENTARY BODIES 

Giemsa’s Stain 

This has already been described on p. 666, and whilst satisfactory for the 
elementary bodies of vaccinia and psittacosis, it has been replaced by pAer 
methods that are quicker, free from deposit and give more consistent results* 


Gutstein’s Method 

This method is valuable for staining the elementary bodies of the variola- 
vaccinia group of viruses in smears made from scrapings of skin lesions and 
elsewhere. 

Solution 1. Methyl violet . 1 g. 

Distilled water . 100 ml. 

Solution 2. Sodium carbonate 2 g. 

Distilled water . 100 ml. 

Prepare films of infected material and if much protein is present rinse first 
in saline and then in distilled water. Fix in methyl alcohol for 20-30 min. 
Place the slide, film facing downwards, supported on two pieces of capillaxy 
tubing in a Petri dish. 

Mix equal volumes of solutions 1 and 2, filter, and run the stain under the 
slide in the Petri dish. ' ' 

Cover the Petri dish, and incubate at 37® C. for 20-30 min. Remove the 
slide, rinse in distilled water, and leave to dry in air. 


Castai&eda’a Stain (Bedson’s modification) 

This method is useful for Rickettsiae as well as for virus particles. 


Reagents 

(1) l^OJVHCl. 

(2) FarmaUel^de iisjfer.— Add 40 ml. commercial formalin (previouify 
neutralised with 1*0 JV NaOH in the presence of phenol red) to 960 ml* Af/lS 
phosphate buffer pH 7«2 (see p. 852). 

(3) Stack Azur IL — ^Dissolve 1 g. Amr II (Gurr) in 100 ml. distfiled 
water. Filter. 

(4) CouHtez'stain , — ^Dissolve 0*25 g. safranine in 100 ml. distilled water* 
FUter. 


Procedure 

(1) Fix the film in 1*0 N HCl for 2 min. 

(2) Wash thoroughly with distilled water to remove acid, 

(3) Dilute the azure U stock solution 1 in 10 with formaldehyde buffer and 
use this to staiii the smear for ^ 

(4) Wash ^oitmghly with distilled water. 

(5) Counterstain with 0*25 per cent, safranine for 6-o see* 

(6) Wash in running water, blot and dry. 

The Rickettsiae remain blue while the ; 

arc red* 

2v . 
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NidH^au’s Staia 

Stain 

Isamine blue 1*0 g. 

Phenol 3*0 g. 

Ethanol . . • lO-O ml. 

Distilled water 100 ml. 


This stain keeps indefinitely, does not 
containing much protein, gives clearly de: 


iredpitate and, even in thick films 
aed virus particles. 


Procure 

Fix smears with gentle heat or methanol. Cover with . and heat until 
the stain steams, but does not boil. After 5 min. rinse le smear and blot 
dry. 

Macchiavello’s Method for staining Rickettsiae 

This metihod is very suitable for staining Rickettsiae in films from tissues. 
Make a film in the usual way and dry in air. Warm the slide gently and 
stain for 4 min. with 0*25 per cent, basic fiicbsin (in distilled water) which has 
been adjusted to pH 7*2-7'4 with alkali and filtered through paper. 

Then wash on the stain rapidly with 0-5 per cent, citric add and after this 
with tap water. 

Finally, stain with 1 per cent, watery methylene blue fo^ a few seconds. 
The iUckettsiae are coloured red, tissue celk blue. 


FIXATION AND EMBEDDING OF TISSUES: 
SECTION CUTTING 

As the ordinary routine bacteriological investigation of tissues is carried 
out almost exclusively with paraffin sections, this technique only will be 
desoibed. 

The fixed tissue is embedded in parafi^ wax to support it during the 
cutting of the section, and the section is held together by the wax in the 
process of transferring it to the slide. 

The parafiln wax must completely permeate the tissue, but before it can do 
so, all water must be removed from the material and replaced by a fluid with 
wffidi mdted paraflSn will mix. 

Water, therefore, is first removes' with several chan^ of akohol; the 
alcohol is replaced by some fluid — such as xylol, benzol, acetone, chloroform 
— which is a solvent of both alcohol and paraffin vrax, and the tissue is finally 
embedded in melted parafiSn. 

Before removii^ the water from the tissue prepiuratory to embedding, the 
tissue must be suitably fned and hardened. 

The essentials for cfotaining good sections are: 

(1) The tissue must be freui. 

(2) It must be properly fixed by usii^; small pieces and en^loyii^ a large 

of ftoid* 

(3) Tlie appropriate fixity fluid most be enqdoyed fmr flie p^cular 
inYeraq^oB fMpiired. 

(4) Tlie tiswe mint not mnain too long in flte aubeddu^ bath. 
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FIXATIVES 

FORMALIN 

Farmalin is a 38^ per cent, (weight/volxime) solution of fortOaldeh]^de 
(H.CHO) in water containing 10 per cent methanol to inbSbit polymerisatioti 
{i.e. 38-W g. H.CHO per ml. solution). 

Ten per cent, commercial formalin in normal saline solution is a good 
fixative mr general use. Its advantages are: it is easily prepared, has good 
penetrating qualities, does not shrink the tissues, and permits conside able 
latitude in the time during which specimens may be left in it. Moreover, the 
subsequent handling; of the material is much easier in our experience than in 
the case of mercuric chloride fixatives, such as Zenker’s fluid. Formalin 
fixation is not so good as other methods where fine detail has to be observed^ 
as, for example, in material containing protozoa. For general routine use^ 
however, it is the most convenient and useful of fixatives. Tissue should be 
cut into thin slices, about 4 nun. thick, and dropped into a large bulk of 
fixative. The fluid may be changed at the end of 24 hr., md fixation is usually 
complete in 48 hr. Specimens are then washed in running water for an hour 
and transferred to 50 per cent, alcohol. In the latter fluid they may be kept 
for a considerable time without deterioration. 

Formdin tends to become acid owing to the formation of formic add. The 
strong formalin should be kept neutral by the addition of excess of ^gnesium 
carbonate. The clear supernatant fluid is decanted oS when formalin dilutions 
are required. 


ZENKER’S FLUID 


Mercuric chloride 
Potassium bichromate . 
Sodium sulphate 
Water 


. 50g. 

* 25 g. 

. lOg. 

. lOw mL 


Immediately before use, add 5 ml. of glacial acetic add per 100 ml. of fluid* 
The fluid should be wanned to body temperature and only small pieces of 
tissue must be placed in it. Fixation is complete in 24 hr., and therotfte^^tiie 
pieces of tissue are washed in running water for 24 hr. to remove the potasdum 
bichromate and mercuric chloride. The tissue is then transferred to 50 per 
cent alcohol. 

It is e ssen t ia l that all the mercuric chloride should be removed, otherwise a 
deposit will appear in the sections. The bulk of it is removed by washing* 
The remainder can be removed with iodine during the dehydration stage in 
alcohol. The material aiter wasMng is transferred to 50 per cent, and later 
to 70 per cent, alcohol to which sufiadent iodine has been added to mate tte 
fluid dark brown in colour. (It is convenient to keep a saturated solution 
iodine in 90 per cent, alcohd in a drop^bottle, and add a few drops as require^) 
If the alcohol becomes dear more iodine is added until the fluid reihaina 

^rown. Thisindkates that all the mercury salt has been dissolved out by the 

iodine«alcohdL 

Cut sections fixed on slides can also be treated with iodme^.g* Gramms 
iodine-^foir 3^5 min*, to remove mercuric ddoride. 

Aniimd tissues fixed in ZeiAer’s fluid am more diflSxadt m 
apt to float off tile did^ part^arly if fixatiw has been 
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ZENKER.FORMOL ILXJID 

This is similar to Zenker’s fluid except that the acetic acid is omitted and 
5 ml. of formalin are added per 100 ml. immediately before use. It is a usei^l 
general fixative for animal tissues. 


MERCUmC^mORIDE-FORMALIN SOLUTION 

Mercuric chloride, saturated aqueous solution . . 90 ml. 

Formalin, commercial / . . 10 ml. 

Small portions of tissue must be used and fixation islcomplete in 1~12 hr. 
Then transfer to alcohol and iodine as after Zenker’s fluid (q.v.J. This fluid 
fixes with the minimum amount of distortion and the finW ecological details 
of the cells are retained. It is useful when stainmg virus inclusion bodies. 


*‘SUSA” FIXATIVE (M. Heidenhain) 


Mercuric chloride ... 45 g. 

Distilled water .... 800 ml. 

Sodium chloride .... 5 g. 

Trichloracetic acid ... 20 g. 

Acetic acid (glacial) ... 40 ml. 

Formalin (40 per cent, formaldehyde) 200 ml. 


This is one of the best fixatives for both normal and pathological tissues. 
Pieces of tissue not thicker than 1 cm. should be fixed for 3-24 hr., depending 
on the thickness. The material should be transferred direct to 95 per cent, 
alcohol. Lower grades of alcohol, or water, may cause undue swelling of 
coimective tissue. Add to the alcohol sufficient of a saturated solution of 
iodine in 95 per cent, alcohol to give a brown colour. If the latter fades, more 
iodine should be added. 

The advantages of ’^Susa” fixative are rapid and even fixation with little 
shrinkage of connective tissue. The transference direct to 95 per cent, alcohol 
shortens the time of dehydration, while tissues thus fixed are easy to cut. 


BOUIN»S FLUID 

This fixative is useful for the inmtigation of virus inclusion bodies. 

Saturated aqueous solution of picric acid . . .75 parts 

Formalin 25 parts 

Glacial acetic acid ....... 5 parts 

This solution keeps well. Use thin pieces of tissue not exceeding 10 mm* 
thi<jL Fix for M2 hr. according to thickness and density of tissue. Wa^ip 
SO per cent alcohol (not water), then 70 per cent until the picric acid fe 
tetnoved. 

SCHAUDINN’S FLUID 

Absolute ethyl alcohol *i90 ml* 

Saturated aqueous solution of mercuric chloride . . 200 ml 
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This 18 811 impartant fixative for protozoa. It may be used cold or warmed 
to 60® C., when it is more quickly penetrating. It is also a suitable fixative for 
wet films. 


FLEMMING’S FLUID 

Osmic acid > 

Chromic acid 
Glacial acetic acid 
Water 


0-2 g. 
0*1 ml. 
100 ml. 


The osmic and chromic acids, when mixed, will keep for only 3-4 wk. 
The acetic acid should be added immediately before use. 


EMBEDDING AND SECTION CUTTING 

After fixation by any of the above-mentioned methods and transference to 
SO per cent, alcohol, mall pieces of tissue are treated as follows: 

(1) Place in 90 per cent, alcohol for 2-5 hr. 

(2) Transfer to absolute alcohol for 2 hr. 

(3) Complete the dehydration in fresh absolute alcohol for 2 hr. 

(4) Transfer to a mixture of absolute alcohol and chloroform (equal parts) 
till tissue sinks, or overnight. 

(5) Place in pure chloroform for 6 hr. 

(6) Transfer the tissue for 1 hr. to a mixture of equal parts of chloroform 
and parafiin wax, which is kept melted in the paraffin oven. 

(7) Phce in pure melted paraffin in the oven at 55® C. for 2 hr., preferably 
in a vacuum embedding oven. 

The tissue is embedded in blocks of paraffin. These are cut out, trimmed 
with a knife, and sections 5 thick are cut by means of a microtome. The 
sections are flattened on warm water, floated on to slides and allowed to dry. 
Albuminised slides are useful where ffie staining process involves hea^g, and 
where a nimal tissue is used, especially after fixation with Zenker’s fluid. The 
slides are coated with albuxmn either by means of a small piece of chamois 
leather or by the finger tip. The albumin solution is made by adding three 
parts of distilled water to one part of egg-white and shaking thoroughly. The 
mixture is filtered through muslin into a bottle, and a crjatal of thymol is 
added as a preservative. It is usual to coat a number of slides and, after 
drying, these are stored until required. The albuminised side may b^ 
identified by breathing gently on the slide; it is not dimmed by the breath, 
whereas the plain side is. 

For additional details, reference must be made to works on histology. 


REFERENCES 

Ashby, G. K. (1938). Simplified SchaefFer spore rtain. iSawwe, 87, 443. ^ ^ / 

Bissbt, K, a. (1938). The structure of “rough” and “smooth colonies. JF. 

^ Bactj 47, 223. ' 

Bubbok, K. L. (19^1 Fatty materidkbacterkmd fungi 
^ fht^ slide preparations. Bact, S2, 665. ^ 

Burkb, V. (1922). Notes on the gram stain with descnptnm of a new method. J. 
Bore., 7, 159. 

Burr E, C* W. & JoYca, R. L, (1936). Tlw demonawtwm 

^ about haemoh^ie streptococci wiffi Ihdia ink or azo blue, y, isfect. Bar,, 88^ 5. 
^UUDius, M. (1897). M^ode de oolotatimi a la fois simple et oontrastante des 
microbes, ifmi* Inst, PasteuTt 77, 332. 



678 MEDICAL MICROBIOLOGY 

DiMBamBB, 0. (194$). Hie (tomooitntion Sdittffiwr’s dote in bougn tertian 
malaria. Brk. nui , J., 1, 298. 

Dobell, C. (1942). Purautohgy, 34, 109. 

Doocio, J. P. (1951). The demonatretion of bacterial capiules and alime. J, Path. 
Bact, 63, 673. 

Ehblich, P. (1882). Duck nud . Wschr., 8, 269. 

Fibli), J. W. (1941). TVoRt. ray. Soc. trap, Med, Uyg., 35, 35. 

Gram, C. (1884). Ueber die iaolirte Firbung der Schizomycetcn in Schnitt>und 
Trocker^rfoaratoi. FcruMtte der Me£cin, 2, 185. See ‘'Hie d^Eeiential 
staining of Sdiizomycetes in tiaaue secticma and in dried preparationt” in “MUe- 
atonesm Microbiology" by T. D. Brock (1%1), Prentice*-IM International Inc., 
Londott, p. 215. 

Hotchkiss, R. D. (1948). A microchemical reaction reauli in the staining of 
polyaaocharide structures in fixed tiaaue preparationa. An '.Btochem., 16,131. 

Howie, J. W. & Khocpatrick, J. (1934). Obserrationa or bacterial capaulea as 
demonstrated by a simple method. J. Patk Bact., 39, 16 

Johns, A. (1885). ForUckr. Med., 3, 198 (footnote p. 200). 

Kirkpatrick, J. & Lbndrum, A. C. (1939). A mounting med^ for microscopical 
preparations giving good preservation of colour, f. PntA. amt, 49, 592. 

Kirkpatrick, J. & I^rum, A. C. (1941). Further observinons on the use of 
synthetic resin as a substitute for Canada balsam. Precipitation of paraffin wax in 
the medium and an improved plasticiser. J. Path. Bact., 53, 441. 

Klienebergbr, E. (1934). The colonial devdopment of the organisms of pleuro- 
pneumonia and agalactia on serum agar and variations in the morphology under 
different conditions of growth. J. Path. Bact., 39, 409. 

Kopeloff, N. k Bebrman, P. (1922). Modified Gram stains, j'. It^ect. Die., 31, 480. 

Laybourn, R. L. (1924). A modification of Albert’s stain for the diphtheria bacillus. 
7. Arm. med. Auoc., 83, 121. 

Lillie, ^ D. (1943). U.S. publ. Health Rep., 58, 449. 

Preston, N. W. k Morrell, A. (1962). Reproducible results with the Gram stain. 
y. Path. Bact., M,2M. 

Robinow, C. F. (1944). Cytological observations on Bact. coH, Proteus vulgaris, and 
various aerobic spore-forming bacteria with special reference to the nuclear 
structures. X fljg., (Lwaf.), w, 413. 

Robinow, C. F. (1949). In The bacterial cell, by R. J. Dubos, Cambridge, Mass., 
Harvard Univ. Press, Addendum. 

Shitte, P. G. (1950). Tram. R. Soc. trap. Med. Hyg., 43, 364. 

Simeons, A. T. W. (1942). Indian med. Gaz., 77, 725. 



CHAPTER 46 

STERILISATION 

SterilISAWON is Ae freeing of an article from all living organiams; 
including bactera and dieir spores. The sterilisation of culture »**«ti*, 
wntainers and instruments is essential in bacteriological work for the 
isolation uid maintenance of pure cultures. In surgery and me^cihe, 
the sterilisation of instruments, drugs and other supplies is inmortant 
for the prevration of infection. 

Sterilisation can be effected in a variety of ways which can be 
conveniently categorised as follows. 

I. Physical Methods. 

(a) Heat. 

(1) Dry heat (including infra-red radiation). 

(2) Moist heat. 

(b) Radiation. 

(1) Ultra-violet radiation. 

(2) Ionising radiation. 

(c) Filtration. 

II. Chemical Methods. 

Heat is most often employed, since it is generally the simplest 
most reliable means of sterilimtion. Bacteria-stopping filters am used 
to st^ise liquids that would be spoiled by heat, e.g. blood smim, 
antibiotic solutions, and in which contamination by filter-pasring 
viruses is improbable or unimportant. Chemical agents are genereUy 
less reliable than heat; thi^ are used mainly for disinfecting the 
fleers, furniture and other articles that cannot be heated effectivdy 
without damage. 

Once articles have been rendered sterile they must be protected 
from contact with unsterile objects and from exposure to urbome duu^t 
or elm they will become recontaminated. To ensure mamtenance tif 
sterility, articles are usually enclosed in a dust-proof container or 
wrapping before being sterilked. Subsequently th^ remain protected 
by it until required for use. 


STERILISATION BY HEAT 

Heat can be applied in two forms: (1) dry heat and (2) moist heat 
Moist heat is mart effective than dry heat, sterilising at lower tem- 
peratures in a ^<ui time and in riiormr times at the sanm foni^pentitre. 
Moist heat kffla microorganisms probably by coagulathm and denamr* 
their entymts and structural promiia, a prooefo hi whhdi wider 
Pwtiqjpatea. i.e. qf 

“O' requim mbt hm ed 12^ C.far iS-30 Cultum meditshfoe. 
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they contain water, must be sterilised by moist heat. Dry heat is be- 
lieved to kill microoi|;anismB by promoting a destructive oxidation of 
essential cell constituents. KUJmg of the most resistant spores by dry heat 
requires a tmpereAwe of about 160° C.for 60 minutes. This high temper- 
ature causes slight charring of paper, cotton and other organic materials. 
Dry heat is employed mainly for glassware, syrii^es, metal instruments 
and paper-wrapped goods which are not spoiled by the high temperature 
and are required dry. It is also used for anhydrous fats, oils and 
powders wMch are impermeable to moisture and thus are incapable of 
sterilisation by moist heat. 


Factors Influencing Sterilisation by Heat 

The factors to be considered are the temperature and time of 
exposure, the number of vegetative microorganisms and spores present, 
the species, strain and spore-forming ability of the microorganisms and 
the nature of the material that contains the microorganisms. 

(1) The temperature and time required for killing are inversely 
related, shorter times sufficing at higher temperatures. Thus, the 
minimd moist-heat sterilising times for the most resitfant kind of 
spores known (those of a thermophilic Bacillus species) were found in 
tests of com juice at pH 6-0 containing 200,000 spores per ml. to be: 

22 hr. at 100° C., llj hr. at 105° C., 31 hr. at 110° C., 84 min. at 115° C., 

23 min. at 120° C., 8 min. at 125° C., 3 J min. at 130° C. and U min. 
at 135° C. Published findings on resistant spores show many dis- 
crepancies, but their collation suggests that in practice the following 
may be taken as equivalent minimal sterilising exposures: 


Moist Heat 

Dry Heat 

Temperature 

Sterilising Time 

Temperature 

Sterilising Time 

100" c. 

110" c. 

115* C. 

121" C. 

125" C. 

130" C. 

20 hours 

2 \ hours 

50 minutes 

15 minutes 

6} minutes 1 

2J minutes ^ 

120" C. 

140" C. 

160" C. 

170° C. 

180° a 

i 

8 hours 

2 \ hours 

1 hour 

40 minutes 

20 minutes 


For surgical and bacteriological sterilisation, most authorities con- 
sider fliat a 10-12 minute exposure of the organisms to moist heat at 
121° C. is gMierally suflident. This ensures killing of all pathogenic 
^ring organisms and all saprophytes except for some strict thcrm^ 
philea whidi caitnot grow at less than 40° C., and so cause no trouble 
in medU storod and laed at lower temperatures {e,g. incubated « 37° C.)- 
The sterilidi^ times just recommended ue the times for 

whiph the microbes themselves are held at the apprt^tiide j^peta^. 
mid do mut tncbude heaUr^-up Hme. When an artide is beii^.ti^w^ 
by eii^ocure in hot dr* hot water or steam, the total durdion of 
ea^posure muM: i^ude ^ne for dhe artide to become heated up to the 
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sterilisiiig temperature, in addition to the recomm^ded -miiitaMd 
steriliamg time at that temperature. The amount of time to be dHbw»d 
for heating up (or heat-penetration time) -mil be dismissed latiR' for ^ 
individtud methods. 

(2) The number of micr^^amsnu and sparer afiecta the rapidity of 
sterilisation. The susceptibility and duration of survival on heating 
varies considerably among the individual cells, even in a pure cuHure. 
The number of survivors diminishes exponentially with the duration 
of heating, and the time for complete sterilisation increases witii the 
number initially present. Thus, when an exposure of 23 min. at 120® C. 
was required to sterilise a suspension of 200,000 spores per ml. <mly 
17 min. was required for one of 2000 spores per ml. In practice it is 
advant^eous to minimise bacterial contamination by cleansing pro- 
cedures before applying heat for the purpose of sterilisation. 

(3) The specieSf strain and spore-forndt^ ability of the microbe 
greatiy affwt its susceptibility to heat. The amount of heat required 
to kill a given variety is normally stated in terms of the temperature 
and time of exposure, either as the thermal death point, i.e. the lowest 
temperature to give complete killing in aqueous suspension within 
10 min., or, preferably, as the thermal death time, i.e. the shortest 

for complete killing at a stated temperature. The tests are made under 
strictly standardised conditions, e.g. with sealed 9 mm. diameter hard 
glass tubes containing 1-2 ml. of a suspension of 50,000,000 organisms 
per ml. in a phosphate buffer solution at pH 7-0. 

Susceptibtlity to Moist Heat . — ^The vegetative forms of most bacteria, 
yeasts and fungi, and most animal viruses, are killed in 10 min. by a 
temperature between 50® C. (e.g. N. gonorrhoeae) and 65° C. (e.g. 

ameus). Extreme susceptibility is shown by TV. pallidum wh^ 
is Ulled in 10 min. at about 43° C., and extreme resistance by thermo- 
philic saprophytic bacilli, e.g. B. stearotiiermo^tiha, whose vegetative 
forms can grow at temperatures of up to nearly 80® C. A few animal 
viruses are more resistant thati the majority: that of poliomyeUtis may 
require heating at 75® C. for 30 min. and that of homologous serum 
hepatitis, when in serum, at 60® C. for 10 hr. Many bacteriophages are 
more resistant than their host bacterium, and it is often possible to kitt 
the latter by heating at 60® C. for 15-30 min. witiiout affecting the 
phage; these phages are killed by temperatures in the range 65°-w® C. 

The spore fcuma of actinomycetes, 3 rea 8 t 8 and fungi are more re* 
sistant tluui the v^etative forms, tiumgh not as highly lenstaat as 
bacterial spores. The more susceptible kinds are kSed at 70° C. in 
5 min. and the more resistant at 80°-90® C. in 30 mm. 

The ^Knes oi bacterial qiecies are killed by moist heat in Iff ; 
at temperatures mainly in the range 100®-121° C. Their resiitaace > 
^y vary considierably between (Afferent strains of the same species; 
^us, spores of most strains of Cl. tetasn and Cl axe kfOed by 
boiling at 100® C. ios 10 min., Iwt exoep^nal strains tff e^ier q>ecai» 
resist bi^mg for 1-3 hr. Such strains of Cl Utiud wet mcift 
resistant pttAx^^ens capsible of mfccting wounds and tiaeir degsao s^ 
resistance thus determines the minimum standards fm sorgkad s teriH ia^ 
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tioa: i.«. 121” C. for 10 min. or 115” C. for 30 min., emdusive of limt* 
ing-up time. OH b<au&mm, the cuise of botidiam food^poismiing, 
forms spmes that at pH 7*0 may resist boiling at 100” C. for up to 8 fo. 
and autoclaving at 115° C. for 10-40 min.; these limits dt^ermlne the 
standards of heat processing employ^ in the preservation of non*acid 
canned foods. 

Susceptibility to Dry Heat . — For vegetative bacteria, dry heat at 
100° C. for 60 min. is required to kill strains that would succumb to 
moist heat at 60” C. in 30 min. Fungal spores are killed in hot air at 
115° C. witiiin 60 min., and bacterial spores at temperatures in the 
range 120”-160” C. 

(4) The nature of the material in which the organisms are heated 
may ^ect the rate of killing. A high content of or^nic substances 
generally tends to protect spores and vegetative orgWsms against the 
lethal action of heat. Proteins, gelatin, sugars, stai^, nucleic acids, 
fats and oils all act in this way. The effect of fots and oils is greatest 
with moist heat since they prevent access of moisture to the microbes. 
The presence of an organic or inorganic disinfectant has the opposite 
effect and facilitates killing by heat. The pH is important; t^ heat 
resistance of spores is greatest in neutral media (pH 7*0) and is dimi- 
nished with increasii^ acidity or alkalinity. Thus, spores of Cl. tetani 
whose killing required moist heat at 100” C. for 29 min^ at pH 7*2, were 
killed in only 11 min. at pH 10*2 or pH 4*1. Acidity (e.g. pH 4) not 
only enhances the killing of the spores of Cl. botuUnum but also inhibits 
growth and this explains the safety of acid fruits preserved by brief 
heating at 100” C. The effect of alkali may be put to practical use in 
the sterilisation of metal instruments; boiling in water containing 2 per 
cent sodium carbonate gives as effective killing in 10 min. as boiling 
in plain water for several hours. 

The conditions under which sporulating bacteria are grown may 
influence the heat resistance of the spores. Thus, spores formed by 
soil and intestinal bacteria in artificial cultures are sometimes less 
resistant than those formed in the organism’s natural habitat 


MEIHODS OF SmaUSATION BT DRY HEAT 

(i) Red Heat . — Inoculating wires, points of forceps and searing 
spatuhs are sterilised by holcU^ them in the flame of a Bunsen burner 
until aie seen to be red hot. 

(ii) Flamt^. — ^This metiiod is used for sterilising scalpels, aeedles> 

the mouths of culture tubes, cotfon-wool stoppers, glass sU<fos ana 
covm^M. It involves passing the artide tiie Bunstm Saioe 

vnfhout allowii^ it to become red hot Whoi a slide or other 
ankle is heated suflSdently for sterilisation, it is apt to cmdi if pl^ 
at once <m a coM surface. Needlm, sca^^els and banns are somdiffl^ 
tietked 1^ immemog tiiem in methykted and tHuniiit^off 

tnxt this does not produce a sufficiently high ten^MCdure tot 



STERILISATION BY DRY HEAT 

(iii) Hot-Air Ovm.—Tida is the main means of sterilisaitioin by <lty 
heat. I^e oven is usually heated by electricity and has a riimoiMlRt 
that m a intain s the (diamber air constantly at the tem^ienitufB. 

Preferably, it should have a fan or turbo-blower to asinst die circulation 
of air and so ensure rapid, uniform heating of die load (Danna^ tc 
Brock, 1954). Exposure at a temperature of 160® C. for 1 har. is generally 
employed. 

This is the best method of sterilising dry glassware such as test- 
tubes, Petri dishes, flasks, pipettes and instruments such as forceps, 
scalpels, scissors, throat swabs and assembled all-glass syringes. Before 
sterilisation, test-tubes and flasks should be plugged with cotton-wool 
stoppers ; other glassware, e.g. pipettes, may be wrapped in kraft paper. 
Certain brands of cotton-wool give off volatile substances during 
sterilisation, that condense on the glass and later may interfere with 
the growth of sensitive bacteria, e.g. pneumococcus. Slip-on metal 
caps may be substituted for cotton-wool. Although screw-capped 
bottles themselves will withstand the temperature of the hot-air oven, 
the ordinary rubber liners or washers in their caps will not, and botdes 
already capped should therefore be autoclaved unless the liners are made 
of silicone rubber. 

The hot-air oven is also used for sterilising dry materials in sealed 
container, and powders, fats, oils and greases (e.g. petroleum j^y) 
that are impermeable to moisture. These materials are penetrated very 
slowly by heat and must therefore be sterilised in small lots or shallow 
layers, e.g. in packets not exceedii^ 10 g. and in layers not exceedii^ 
0*5 cm. depth in a Petri dish. 

Glassware should be perfectly dry before being placed in the steri- 
lising oven ; wet glassware is liable to 1^ cracked and should first be dried 
in a “drying oven’’ at about 100° C. The sterilising oven must not be 
overloaded and spaces must be left for circulatimi of air through file 
load. It may be cold or warm when loaded, and is then heated up to 
the sterilising temperature in the course of 1-2 hr. The holdup pmod 
of 1 hr. at 160° C. is timed as beginning when the thermometer fijcst 
shows that the oven air has reached 160° C. Finally, the ovtai is allowed 
to cool gradually during about 2 hr. before the door is op»ied, rinoe 
glassware may be cracks by sudden or uneven cooling. 

A holding period of 1 hr. at 160° C. is generally considoed sufficient 
for loads of a kind that will heat up rapidly and readi 160° C. soon after 
the ovNi air does so; e.g. loosely packed loads of simple ghsswate and 
metal instnunents, especoffiy if the oven is equipped wim a ftn. An 
<!xpo8ure of 2-2| at 160° C. is preferable for loads likely to reqttise 
a longer heatii«-up time: e.g. heavy loads in an om widumt a 
assembled aU-guas qrringes packed in test-tubes and ^otriy beat^ 
materials sudi as powders, oils and greases. Two hours at 170° C. n 
swnetimes used. 

. (iv) fadiaiion.--A recent method of dry bent stedtelinn 

utheuseofbiliahiednHiiat^ Tbesofuieeemploymftkncl^^ 
hea^ dkmantj the infta-ted nya are directed on to 
Bterdisedimdtnn^pentaiesttf 
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of this method is considered in the section dealing widi the sterilisa- 
tkm of syringes. Using a special chamber high temperature C. 
or more) heating produced by infra-red rays in vacuo has been employed 
as a means of sterilising surgical instruments. Cooling is hastened and 
oxidation prevented during the cooling period by admitting filtered 
nitr(^n to the chamber. 


METHODS OF STERILISATION BY MOIST HEAT 
Moist heat can be employed: 

(i) at temperatures below 100® C.; 

(ii) at a temperature of 100® C. (either in boiimg water or in tree 

steam); or 1 

(iii) at temperatures above 100® C. (in saiturated steam under 

increased pressure). ' 

Only the third procedure fully ensures sterilisation and killii^ of 
the most highly resistant spores. Killing by moist heat requires contact 
of the hot water or steam with die microoiganisms, and if these are 
protected from wetting, as by grease or by a sealed impervious con- 
tainer, they will be subject only to the wedier effect of dry heat at the 
same temperature. > 

Saturated steam is a more efficient sterilising agent than hot air, 
partly because it provides the greater lethal action of moist heat and 
partly because it is quicker in heating up the exposed articles and in 
penetrating porous materials such as cotton-wool stoppers, paper and 
cloth wrappers, bundles of surgical linen and the interstices of hollow 
apparatus. When the steam contacts the cooler surface of the article, 
it condenses into a small volume of water and liberates its large latent 
heat to that surface {e.g. 1600 ml. steam at 100° C. and atmospheric 
pressure condenses into 1 ml. water at 100° C. liberating 518 calories of 
heat). The contraction in voliune causes immediate suction of more 
steam to the same site and the process thus continues rapidly until the 
article is raised to the temperature of the steam. The condensation 
water ensures the efiFective “moist” conditions for killing of the exposed 
microb^. Pure steam is used and the presence of air avoided, since air 
hinders penetration by the steam. ~ 

Steam sterilisation is especially suitable for culture media and 
aqueous solutions, since the atmosphere of steam prevents the loss of 
water by evaporation during heati^. To avoid' drenching of cotton- 
wool stoppers in a steamer or autoclave, the stoppers should be covered 
widi kran paper; thus a wire basket of test-tubes is covered by a single 
sheet of paper turned down at the edges. 

(i) Mqjat Heat at Temperature below 100® C. 

llte best known example of moist heat at a reJatively bw letn|^‘ 
ture used as a “steruking*’ i^ent is in the pasteurisadoirtif mil^^ 
teppendtire empbyed is either 63^ C. for 30 min. (tl^ 'Tmdder’ 
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method) or 72° C. for 20 sec. (the “fladi” method) and these procesws 

dcMToy aU the non-spore-fbrming pathogens such as Myeo. 
cuhsis, Bf. eimrtus and various sahnonellae that may be found in milk. 

T^e sterilisation of serum or body fluids containmg coagulable 
protein can sometimes be effected by heating for 1 hr. at 56° C. mi 
several successive days. It may be necessary to repeat tte heatmg 
times to ensure complete sterilisation. Care most be taken not to alravr 
the temperature to rise above 59° C., as in^Hsaarion may occur. Tlje 
exposure to 56° C. is best carried out in a waterbath, but a 56° C. oven 
may be used. This procedure is not alwa^ effective if certain resistmit 
t}rpes of sporing oi^;anism8 are present. 

Vaccines prepved from cultures of non-sporing bacteria may be 
sterilised in a special waterbath (“vaccine bath”) at a comparativdy low 
temperature, 1 hr. at 60° C. being usually sufficient. Higher tempera* 
tures may diminish the immunising power of the vaccine. 

(ii) Moist Heat at a Temperature of 100° C. 

at 100° C. — suitable form of boiling bath is the firii>kettle 
type made of enamel-ware or tinned copper. It should have a remov* 
able tray provided with a raised edge to prevent cylindrical instrummits 
from falling off. Boiling at 100° C. for 5-10 min. is sufficient to kifl 
all non-sporing and many, but not all, sporing organisms, t.g. not flie 
spores of exceptional Cl. tetani strains that may survive boiling fm 
1-3 hr. The method thus does not ensure sterility, but it has been 
found satisfactory for certain purposes in bacteriology and medidne 
where absolute sterility is not essential or better methods are unavail* 
able. It may be used for tubing, pipettes, measuring cylinders, rubber 
stoppers, instruments such as scalpels, forceps and scissors, and syringeB 
of the metal and glass tyrpe that do not stand higher temperatures. If 
the water supply is “hud”, distilled water should be used, otherwise 
the instruments on removal become covered with a film of cakium 
salts. Sterilisation may be promoted by the addition of 2 per cent, 
sodium carbonate to the water. 

The instruments and other articles are removed finm the beilmg 
water with long-hanffied forceps which have been stored in 3 per emt, 
lysol (saponated cresol) solution to a level approaching the fin^ gi^t 
Before taking into the hand, whidh should be dry, the newly boifed 
instrument is held by the forceps for a few moments while it dtica by 
evaporation. If it were taken into the hand while still wet, its 
end (e.g. scalpel blade or syringe needle) would be liable to contiimlBa^ 
tion with ricin bacteria floating down from the fingers in tiw film -of 
water. 

The iatermr of a test-tube may be sterilised quiddy. for 
purposes by boiling water in it. 

Steasnitig at 100° C. — ^Pure steam in equilibrium with wider bmUng 
at normal atmospheric pressure (760 mm. Hg) has a tempuatnee of 
100° C. ; at the lower pressures found at Itigh altitudes the t c a ap e ra ftire. 
»8 alig^itiy less, «,g, 99° C. at 1000 feet, 97“ C. at 3000 feet atid 
at 5000 fe^ Bemuws its convKtieno(S> “steaming” at iOO* C.' is 
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OHOSKiniy used for the sterilisadcHi of culture media such.as brodi and 
nutrient agar, although it is not as certainly effective as autoclaving, 
A Kog£ or Arnold steam steriliser (“steamer”) heated by ste^, gas or 
electricity is employed. In its simplest form this is a vertical metal 
cylinder widi a removable conical lid (havii^ a small openii^ for the 
escaping steam) and containing ivater which is boiled by a heater under 
the cylinder; but various modifications are available. A perforated 
tray situated above the water bears the articles to be sterilised. The 
apparatus is inexpensive and simple to operate. Bottles of medium 
may be introduced or removed while steaming is in progress, but 
unnecessary opening of the steamer, with the consequent mtroduction 
of cool air, should be avoided. Sterilisation may be effected p two ways : 

(a) By a single exposure at 100° C. for 90 min. — The speres of some 
thermophilic and rare mesophilic bacteria can survive this treatment, 
but in practice it seldom fails to sterilise. The steaming period of 
90 min. includes the time required for the tubes and bottle of media 
to be heated up from room temperature to 100° C. This may be about 
15-20 min. for tubes or bottles containing up to 100 ml., 30 min. for 
botdes of 600 ml. and 45 min. for a flask of 5 litres. For the larger 
volumes it is advisable to increase the total steamii^ period by an 
appropriate amount. 

(b) By intermittent exposure at 100° C., e.g. for 20-45 min. on each 
of three successive days. — The principle of this intermittent method of 
sterilisation, or “Tyndallisation”, is that one exposure suffices to kill 
the vegetative oi^anisms; between the heatings the spores, being in a 
favourable nutrient medium, become vegetative forms which are killed 
during the subsequent heatii^. The duration of eadi steaming should 
be sufficient to heat up the medium to 100° C., i.e. 20 min. for lots up 
to 100 mL and longer for larger volumes (see (a) above). The method 
is used for media containing sugars that may be decompc^ed at higher 
temperatures, and for gelatin media which after prolonged heating fail 
to solidify on cooling. Thermophilic, anaerobic and other bacteria 
whose spores will not germinate in the particular medium and under 
the conditions of storage between the heatings, may escsq>e being killed. 

(iii) Moist Heat at Temp^atiures above 100° C. 

Sterilisatum in the Autoclave 

Water boils when its vapour pressure equals the pressure oi the 
surrounding atmosphere. This occurs at 100° C. for normal atmos- 
pheric pressure (t.e. 760 mm. Hg, 14*7 lb. per square inch absolute 
pressure or 0 lb. per sq. in, “gauge pressure”). Thus, vdien M'ster is 
boiled within a closed vessel at increased pressure, the temperature at 
which it.boils, and that of the steam it forms, will rise above 100° C. 

^ This is tiie prindple enqiloyed in the autoclave, wfaidi therefore 
providet a meano of subjecti^ articles to moist heat at ten^>«atuies 
higher than 100° C. “AutocUving” is the mart rdiable method and 
the foetitod most vddely uwed for sterffisation df culture media, and 
auigtdd nq^lka. .. ; 
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Ip the aatod ave all part^ of die. load to be sterilised Aost be per- 
mratedJbjLitcmi. Ideally steam should be and S^ltDy 

(ti. at die point of condemiu^' to liquId anteriT but sIw j^Jw. free 
from particles of liquid muier). Only limited (bvbffiQr£r^ this ideal 
are allowable (M.R.C. Report 1959). Siirh <<rY| ay^ratffd 
steriligat ion by virtue of its high tempeiitui^^ wei^ ^ h^t heat, 
the con densate (w ato) ffproduc^ imd'fKe'conS^^ » toIuSc^^ 
tak es place when it condeflBCa. 'Ohce~the~’WS51e bf 
heate^uyp to $e temperature of the steam there is a minimum holding 
time at that temperature necessary for sterilisation. The minimmn 
holding times are 2 min. at not less than 132° C. (27 lb. per sq. in. gauge 
pressure); 12 min. at not less than 121° C. (15 lb. pa sq. in. gauge 
pressure) and 30 min. at not less riian 115° C. (10 lb. per sq. in. gauge 
pressure). A 50 per cent, safety period is usually added to these 
minimum holding times and they become 3, 18 and 45 min. respectively. 

The exact temperature attained depends not only upon the pressure 
employed but also on whether any air is present with the steam. Ute 
temperature of the steam at different pressures, when all, half or none 
of die original air content has been discharged from the autoclave 
chamber, is shown below: 


Temperature in Degrees Centigrade 


f.e. pressure above 
atmospheric 
(lb./8q. in.) 


Complete sir 
dischax^ge 

Half air 
discharge 

No air 
discharge 

0 

100 

..... 

.... 

5 

109 

94 

72 

10 

115 

105 

90 

15 

121 

112 

100 

20 

126 

118 

109 

25 

130 

124 

115 

30 

135 

128 

121 


77ie Importance of Air Discharge.— M the air must be removed forai’ 
the autoclave chamber smd articles of the load, so that the latta axe 
exposed to pure steam during the period of sterilisatum. There are 
three reasons for this : (1) the admixture of air with steam results ah a 
lower temperature being achieved at the chosen pressure ; (2) the aiir 
hinders penetration of the steam into the intersdces of porous materials, 
surgii^ dressings especially, and the narrow tqienings of amtainas, 
syringes, etc. ; and (3) the air, being densa than the steam, teiribt lb 
form asqwrate and cooler laya in dte lower part cff die autodave, aod 
so prevents adequate heating of the artkles iWe in an aulodla^ 
widi no air idMhaige, a temperature of tmly 70° C. was xecurd^ at ^ 
bottom when tibt at the top was 115° C.). 

There is one exception to the neceseii^ for comply air disi^aq^ 
from ^ load. Hetmedcaliy sealed botdm and ampoules (ff aqimim 
soludons and culture media me aadafactmdy sterilised in qate ef 
presence of some air tiridim diem, llmccmtained water fmxyijimtte 
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for moist-heat steriUsatmn, making unnecesswjr the^«itiy of 
for this purpose, and the contents are hMted to me same 
temperature as the chamber steam, though to a hig^ pressure, by 
conduction of heat dirough the container walls. 

Hie Simple Non<jacketed Laboratory Autoclave 

The simplest form of laboratory autoclave, the so-called “pressure- 
cooker type” (see figure), consists of a vertical or horizontal cylinder of 
gun-metal or stainless steel in a supporting frame or case. The size 
may be Up to about 18 in. in diameter and 30 in. in length. The lid 
(or door) is fastened by screw clamps, and is rendered air-tight by means 
of an asbestos washer. The cylinder contains water up to a certain 
level {e.g. 3^ in. for a vertical autoclave of 19 in. internal height) and 
this is heated by a gas burner or electric heater below pe cylinder. 
The bottles, tubes, etc., to be sterilised are placed on a penorated tray 
situated above the water level. The apparatus is furnished on its lid 
or upper side with a discharge tap for air and steam, a pressure gauge 
and a safety valve that can be set to blow off at any desired pressure. 

Directions for Using the Simple Atttoclave . — See that there is 
sufficient water in the cylinder. Insert material to be sterilised and 
turn on the heater. Place the lid in position, see that the discharge tap 
is open and then screw down the lid. Adjust the safety valve to the 
required pressure; in some varieties of autoclave this adjustment has 
to be determined previotisly by trial. As steam rises from the boiling 
water, it mixes with the air in the chamber and carries this out through 
the discharge tap. Allow the steam and air mixture to escape freely until 
all the air has been eliminated from the autoclave. A means of testing 
this is to lead a rubber tube from the discharge tap into a pail of cold 
water. The steam condenses within the water, while the air rises in 
bubbles to the surface. When the latter cease, the air discharge is seen 
to be as complete as is possible with this t 3 rpe of autoclave. After some 
trials it will be known what period of discharge to allow under normal 
operating conditions. 

Now dose the discharge tap. The steam pressure rises until it 
reaches the desired level, e.g. 15 lb. per sq. in. for 121° C., when the 
safety valve opens and allows the excess steam to escape. From 
exactly this point b^n the holding ,,pmod, continuing exposure at 
15 lb. pressure for the appropriate time, i.e. usually 15 min. for aqueous 
media in lots up to 100 ml. and longer for the large volumes that heat 
up more slovdy. Then turn off the heater and aUow the autoclave to 
cool until the pressure gauge indicates that the inside is at atmo^heric 
pressure (0 lb. per sq. in.). At once open the discharge tap dowly to 
allow the air to enter the autoclave. If the tap is opened vdulc^ the 
chamber pressure is still high, and the pressure is reduced too lapidlyi 
liquid media will tend to boil violently and spill from their oontaineis. 
On the other hand, if the tap is not opened until the presttire has 
much bdow atmospheric pressure, an excessive amotmt of vaSW ^ 
be evapomted and lost from the media. (When ^ontaneous coofihg 
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dow, _ taking about 1 hr., the discharge tap may be tinned 
very sli^tly so as to cause a gradud reduction to atmospheric pressure 
during 15-30 mm.). 

Deficiencies of the Simple Autoclave . — ^The simple form of laboratory 
autoclave is effective when carefully operated, but has several important 
disadvantages. The method of air discharge is inefitcieot , especialfy 
for a large and heavily loaded chamber, and it is difl^t to decide whai 
the discharge is complete. If, as a result, the discharge tap is closed 
and the holding period begun while there is still some air present in the 
chamber md load, the temperature produced at 15 lb. pressure will 
not be as high as 121° C. This failure to achieve the proper tmperature 
is likely to pass undetected, since these simple autoclaves are not 
furnished with a thermometer showing the temperature in the lowest 
and coolest part of the chamber. The operation of the autoclave is 
controlled solely by the pressure gauge and it is very common for sucl 
gauges to become inaccurate. 

The simple autoclave also lacks means for drying the load afte 
sterilisation. This is desirable for apparatus wrapped in paper or cloth 
and is essential for surgical linen and dressings. Although dry wh« 
put into the autoclave, these articles are moistened by the condensatioi 
of the steam. When damp, paper and cloth wrappings, even in severs 
layers, are unable to prevent the entry of contaminating bacteria. It i 
therefore important to avoid placing the sterilised articles in contact toiti 
unsterile objects until their wrappir^s are dry. 

A wide variety of autoclaves are manufactured which incorporat 
various devices to overcome these and other difficulties, some beinj 
specialised for particular purposes. Many autoclaves at present ii 
hospitals and laboratories have been badly designed or wrongly installed 
md cannot ensure sterilisation. In recent years there has been a grea 
increase in interest in these problems prompted particularly by 
work of Bowie (1955) and Howie and Timbury (1956). In 1957 tii 
Medical Research Council set up a working party to examine the whol 
question of sterilisation by steam imder increased pressure and thei 
reports (M.R.C. Reports 1959, 1960) are very comprehensive. Thi 
following description is given of an autoclave suitable for either lab 
oratory or surgical purposes. 

Steam*Jacketed Autoclave with Automatic Air and 
Condensate Discharge 

Most are horizontal cylinders {e.g, in. diam. by 30 in.) of rustles 
<netal (e.g. Monel metal). There is a trend, however, to make th< 
<^mber rectangular as bottles and all surgical materials are nuur 
conveniently loaded into an autoclave of diis drape. At the from Is j 
^ g door fastened by bolts and nuts, or preferably by a 
head” whidi operates radial bolts and automsticdly reipains lodeu 
yhile the dtamber pressure is raised. A preSsute^lockedi safety doo 
u a valuable guard agt^ the pos(^ility of a dangerous esqdoNtH 
urou|^ ptmature tqrening by dw openttot. 

2x 
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The autockve (see figure) also possesses: (1) a supply of steam from 
an external source, e.g. an independent boiler beside the autoclave or, 
more usually, the main steam supply of the building; (2) a steam jacket 
which heats the side walls independently of the presence of steam in the 


ADJUSTABLE SAFETY-VALVE 
CHAMBER DISCHARGE TAP<«£ 




PRESSURE GAUGE 


CHAMBER 
PERFORATED TRAY 


■•:;•••: WATER.;..- 


WINGED 

SCREW 


chamber 

DOOR 


WINGED 

SCREW 


CF ^ ^ ^ Tie 

GAS BURNER ^ ^GASKET 



Autoclaves. Above: Simple non-jacketed autoclave. Below: Steam-jacketec 
autoclave with automatic gravity discharge of air and condensate^ and system fordryini 
by vacuum and intake of filtered air. 


chamW md so facilitates drying of the load; (3) a channel for dis- 
cl^ging air and condensate by gravity from the bottom of the chamber 
with a ‘*no-return” valve and a thermostatic valve (^*steam tmp'^) 
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system which may be used to assist drying of the load; and (6) an air- 
intake with a self-sterilising filter for mtroducing warm sterile air into 
the chamber. It appears that glass fibre woven into sheet form provides 
the most reliable filter and t^t the working life of such a filter is at 
least one year (M.R.C. Report 1960). It may also have (7) a cooling 
system to hasten the cooling of liquids without violent boiling, and 
(8) an automatic control system wluch carries through exactly a pre- 
selected cycle of sterilisation, including heating-^p, holding, cooling 
and drying stages, without requiring attention from the operator. 

Steam Supply . — ^The steam supplied to the autoclave should be dry, 
i.e. free from excess water in the form of suspended droplets, and 
saturated, i.e. not superheated above the phase boundary of equilibrium 
with water boiling at the same temperature and pressure. 

Wet steam . — Steam that is piped a long distance from the boiler 
tends to become *‘wet” through cooling and condensation, and such 
wet steam is an inefficient sterilising agent not only because it soaks 
porous materials and so hinders filler penetration but also because 
the particles of water possess no latent heat. However, the pressure of 
the main steam supply should be between 40 and 75 lb. per sq. in. 
(ideally 55 lb. per sq. in.), and the steam is passed through a reducing 
valve and pressure regulator so that it enters the autoclave at a pressure 
of 1 5 lb. per sq. in. This reduction in pressure dries the steam usually to 
a sufficient extent. 

Superheated steam . — Superheated steam cannot be produced in a 
simple autoclave wherein water is boiled to generate the steam, but may 
36 produced under some conditions in a jacketed autoclave supplied 
ivith steam from an external source. Superheating may take place when 
the temperature of the steam is increased while the pressure remains 
unchanged or when the temperature is kept constant but the pressure 
reduced. In practice the former set of circumstances may cause super- 
heating if the jacket temperature is greater than the chamber tem- 
perature ; the latter, if air remains mixed with the steam in the chamber 
since this, by Dalton’s Law, has the effect of reducing the pressure . 
of the steam. 

The employment of saturated steam is necessary in order to main- 
tain the conditions of “moist heat” and prevent evaporation of con- 
^nsation water from the articles of the load during the period of 
sterilisation. Superheated steam is unsatisfactory because it abstract 
water from the exposed material and so brings about die less lethal, yet 
more destructive, conditions of “dry heat”. 

Starting of Autockeoe and Heatir^ of Jacket. — ^Thc steam is first 
introduced into the jacket, a space between the double side-walla cd 
the chamber. The jacket is kqpt filled with steam at 121® C. dum^h- 
nut the whole day, both during and between the succea^e steanunga 
in the chamber. Some steam is continually condenMng into wat^ on 
the wiffis of the jacket and this condoisate is drains aw9t^ thiaA;q^h a 
jacket discharge channel controUed by a thermostatic “,^dkel steam 
hap”. Care must be taken te ensme that there is no t^tructum to 
^his discharge. - ■ 
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Loadit^ of Chamber. — the jacket is heated, the load is packed 
into the chamber. Articles requiring differait treatment should not 
be included in the same load, e.g. aqueous media in unsealed containers 
together with wrapped goods requiring drying. The articles should be 
arranged loosely to allow free circulation of steam and displacement of 
air. For further details see the section dealing with sterilisation of 
individual articles. 

Heating-up and Air-displacement Period. — The door is closed and 
steam allowed to enter the chamber through a baffle high up at the back. 
The steam for the chamber is drawn from the jacket, which thus acts 
as a reservoir between the chamber and the supply lide; the same 
pressure and therefore temperature, must be maintained in the chamber 
as in the jacket. The steam tends to float as a layer above the cooler 
and denser air, and as more is introduced it displaces the air down- 
wards through the articles of the load and out through me chamber 
discharge channel which leads from the bottom of the cumber near 
the front. The condensation water formed on the cool load and 
chamber door also drains through this channel. The channel’s thermo- 
static steam trap remains open while steam mixed with air and con- 
densate passes through it to the drain and atmospheric vent, but as 
soon as all free air has been eliminated and the arrival of pure steam 
raises the trap’s temperature to 121“ C., it automatically closes and 
prevents further escape. About 5 or 10 min. may be t^en for this 
displacement of air by steam. 

Holding Period of Sterilisation, — ^The holding period at 121® C. is 
timed as starting when the thermometer in the discharge channel first 
shows that this temperature is reached. The exact duration of the 
holding period is decided according to the nature of the load, particu- 
larly the time which must be allowed for this to become heated through- 
out to the temperature of the steam (see pp. 704, 708). During the 
early part of the holding period some residual air may gradually be 
displaced from the interior of a porous load; this air together with 
excess condensate collects in the discharge channel above the steam trap, 
cools to 120° C. or less, and so causes the trap to open momentarily and 
allow its escape. (A “near-to-steam” trap is essential, i.e. one which 
opens when the temperature falls by only 1° C. below that of pure 
steam.) 

Since a pressure gauge is liable to "become inaccurate, the steam- 
pressure regulator is ultimately adjusted so as to produce a fflermometer 
reading of 121° C. after the completion of air discharge. This control 
by the thermometer in the discharge channel ensures that autoclaving i$ 
carried out at the correct temperature, and is greatly preferable to 
control by pressure readings. Any obstruction to die discharge of air 
and condensate is indicated by the temperature falling below 121° C). 
while the pressure remains at 15 lb. 'Hie discharge chaniid uid tnp 
must be kept clear and the removable strainer in the mouth of the dis- 
charge channel diould be cleaned daily. 

Cooling and Drying Period. — ^At the end of the holdii^ pmod the 
supply of steam to the chamber is stopped, while that to the jacket is 
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maintained. The ateam left in the chamber begins to cool by loss of 
heat through the unjacketed door and its pressure fsdls accordingly. 
Hie manag^nent of this stage depends on vdiether drying of the load 
is required, as for wrapped apparatus or sui^cal dressings, or must be 
avoided, as for aqueous media in loosely stoppered containers. Details 
of the methods of cooling and d^ing are given in ihe section dealing 
with the sterilisation of these articles in detail. 

Pre>Vacuum Sterilisers 

The most advanced surgical sterilisers are equipped with electrically 
driven pumps capable of exhausting the chamber to an almost perfect 
vacuum {e.g. to an absolute pressure of 20 mm. Hg or below). In effect 
this means removing more than 98 per cent, of the air initially present 
(M.R.C. Reports 1959, 1960). A high pre-vacuum is drawn before 
admission of steam to the chamber and the absence of air then enables 
the steam very rapidly to penetrate and heat up all parts of the interior 
of the load. Even a tightly packed load is heated rapidly and imfomdy 
to the steriUsing temperature and this is the only method of sterilisation 
that can overcome the effects of bad packing or overloadit^ of the steriliser. 
This makes it feasible to employ a higher sterilising temperature for a 
shorter time, namely 135® C. for 3 minutes (».e. jacket and chamber 
steam at 30 lb. per sq. in. gauge pressure). The total operation time 
is greatly shortened and damage to heat-sensitive materials through 
exposure to injurious air-steam mixtures or prolonged heating in Ihe 
outer parts of the load, is avoided. Note, however, that the operating 
steam temperature need not always be as high as this. For many 
purposes a temperature of 121° C.-126° C. held for a longer period is 
perfectly satisfactory. 

The chamber is loaded with as tight packing as desired and the 
vacuum drawn to remove all air from ffie diamber and load vnthin 
5-10 min. (Automatic control, vide infra, obviates the possibility of 
the evacuation beu^; unduly prolonged, with resultant overdryii^ and * 
superheating.) Steam is admitted to the chamber and heats ti^e whole 
load to 135° C. within 2-3 min. The holding period is continued for 
3 min. from the time the thermometer first readies 135° C. The load 
is then dried within a few minutes by exhaustion of the chamber to a 
high vacuum with a water-sealed pump, and the imcuum is finally 
broken by admisrion of air through a filter. 


AUTOCLAVE CONTROLS AND SIERlUSATlON INDlCATOl^ 

Asstonuitic Process Control . — ^It is advantageous for the sterfiia^r tb 
be funded with an automatic control sjiston lh^ carries ffiroui^ 
whole sterilisation cyde, induding the heating-iqi, hok^ag, eool^ 
^d drying stages, according to a pre-sdected sdi!^ for the dutai^ 
tempenture smd pressure of eadi stage. After the diamber been 
loaded and the process started^ no further attention is required uadL 
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the load is ready for removal. Apart from saving the time of a Stilled 
operator, automatic control is a valuable safeguard against error due to 
negligence or distraction. A monitoring system ensures that if the 
temperature at any time falls below that selected, the operation will be 
repeated. 

Recording Thermometer. — This desirable adjunct makes a graphic 
timed record of the temperature changes in the chamber discharge 
channel and thus, in the absence of automatic control, helps the operator 
to avoid errors in timing the holding period. 

It has been emphasised (M.R.C. Report 1959) that a daily inspection 
of such a temperature record by a responsible person is of more value 
than more elaborate tests carried out at infrequent intervals. 

Thermocouple Measurement of Load Temperature. — ^This is the 
' method of discovering the heating-up time required for a given kind of 
load. A thermocouple is inserted deeply inside a tea article in the 
autoclave chamber, e.g. a bottle of liquid or a pack of dressings, and its 
wire leads are carried out under the chamber door to a potentiometer. 
The latter indicates the temperature inside the test artide during the 
course of autoclaving. 

These instrumental means of controlling the sterilising cycle in the 
autoclave are of the greatest value but there are occasions, even with a 
perfect steriliser, when a test of overall efficiency is desirable. Two 
methods are available one using chemical indicators, the other spore 
indicators. 

Chemical Indicators may be placed inside the load, Which show a 
change of colour or shape after exposure to a sterilising temperature. 
Thus, a pellet of sulphur in a small glass tube will show a change of 
shape by melting when exposed at 120° C. for a few minutes. Browne’s 
steriliser control tubes contain a red solution which turns green when 
heated at 115° C. for 25 min. (type 1) or 15 min. (type 2), or at 160° C. 
for 60 min. (type 3). They must be stored at less than WP C. to avoid 
deterioration and premature colour change. These indicators have the 
advantage of being readable immediately the test is done and Browne’s 
tubes are generally accepted as being satisfactory. 

Spore Indicators. — A preparation of dried bacterial spores is placed 
within the load in the autoclave and after autoclaving is tested for 
viability. 

Bacillus stearothermophilus, a thermophile that requires to be culti- 
vated at 55°-60° C., is a suitable test organism. Its spores are killed 
at 121° C. in about 12 min. 

A culture grown aerobically on nutrient agar for 5 days is suspended 
in sterile water to a concentration of 1 million spores per ml., or greater. 
Small strips of filter paper, e.g. 5x1 cm., are soaked in the suspension, 
dried at room temperature and placed in paper envelopes which are 
tiien sealed. A few of these packets are placed in different parte of the 
load and at least two spore papers should be placed at each site since in 
any ^re preparation there may be a few spores of exceptional resist- 
ance. After autoclaving, the envelope is cut with sterile scissora and 
the strip transferred wiffi sterile forceps to a tube or flask of “recovery 
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medium”, e.g. thioglycoUate broth or cooked-meat medium; it is 
necessary to take rigorous precautions against contamination while 
making this transfer, llxe tube is incubated for 7 days at the ^pro- 
priate temperature and then examined for growth. An unautocl^ed 
spore strip is cultured as a positive control and an uninoculated tube of 
medium as a negative control. The results should be reported in terms 
of the degree of heat-resistance of the spore preparation used. This 
may be determined by holding small sealed tubes of the spore suspension 
for varying periods in a waterbath at 100° C. or in an oil-bath at higher 
temperatures, and then testing for viability by culture. Instead of spore 
strips, envelopes containing about 1 g. of dried earth may be used, 
since samples of earth almost always contain highly resistant spores. 
Such samples, however, are variable and less satisfactory; the spores 
they contain are often too resistant. 

Recovery Media. — Bacteria and spores that have been damaged by 
heat, may require special cultural conditions to allow their recovery and 
growth. They may lie dormant for several days when placed in a 
culture medium, and incubation should be continued for at least a week 
to give them the opportunity of growing. Moreover, certain enriched 
media may permit their growth when ordinary media fail. Enrichment 
with yeast extract, starch, glucose, blood or milk has been found 
beneficial. ThioglycoUate broth and cooked-meat medium are suitable 
for recovery of both aerobic and anaerobic bacteria. 

The chemical or spore indicators are placed in the centre of the 
largest and most densely packed items of Ae load, and some near the 
bottom of the chamber where air tends to collect. The results may 
reveal the failure of some parts of the load to become adequately heated 
and thus draw attention to a fault in the construction, loading or 
operation of the steriliser. Successful tests, on the other hand, give no 
assurance that the steriliser and technique are reliable, since heating 
might yet be inadequate in other parts of the load or under different 
conditions of loading. The essential guarantee of sterilisation is that 
a properly designed and properly loaded autoclave be operated so as to 
show the correct sterilising temperature on the discharge-channd 
thermometer for the appropriate time. 


STERILISATION BY RADIATION 
Ultra-Violet Radiation 

The abiUty of simUght to kiU bacteria is mainly due to the ultia- 
violet rays that it contains. VisU)le li^t at the violet end of the 
spectrum has a wave-length of 400 m/i (4000 A, or Angstrdm units) 
snd ultra-violet radiation is not marke^y bactericidal until 330 rc^ is 
reached. Thereafter &e effectiveness of ultra-violet l^t as a strarilit^ 
agent in creases wi^ decrease in wave-loigth. The dunteat ultra-yiom 
in sunUght that reach the earth’s surfute in qipxtity have a wayfe^ 
length of some 290 m/i but evGH more effective radialiims, 240-2^119^ 
can be produced mercury vapour lam{». . ; ; ■ 
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In an attempt to reduce post-operative sepsis high intensity ultra- 
violet radiation has been applied to the operation area but elaborate 
precautions have to be taken to protect the skin and cornea from the 
highly irritant rays (Hart, 1942). 

Ultra-violet rays from suitably shielded lamps have been used to 
reduce the number of bacteria in the atmosphere but for safety their 
intensity has to be restricted (Wells & Wells, 1942). There are, how- 
ever, a number of reports that “curtains’* of more intense ultra-violet 
light at the entrance to cubicles, through which personnel pass quickly 
and therefore avoid injury, are of value in reducing cross-infection 
(McMath & Hussein, 1960). (It should be noted that daylight passing 
through ordinary window glass has a sighificant effect in shortening 
the survival of pathogenic organisms in the dust on| the floor and 
furniture in rooms.) 


Ionising Radiation 

Ionising radiations include high-speed electrons, X-ra^ and y-rays 
(short X-rays). In adequate dose these radiations are lethal to all celk, 
bacteria included. Sterilisation by radiation is achieved in practice 
by the use of either high-speed electrons from a machine such as a 
linear accelerator or y-rays from an isotope source such as Cobalt 60. 
Although available the necessary apparatus is much too expensive for 
installation in a hospital and it is worthwhile commercially only for the 
sterilisation of large amounts of pre-packed disposable itelms that are 
unable to withstand heat. These include plastic syringes and catheters. 
Darmady et al. (1961) investigated the efficiency of radiation sterilisa- 
tion using a variety of vegetative and spore-bearing test organisms and 
found that a dose of 2*5 Mrad was adequate for producing sterility. 
Spores of BacUlm pumlus (£601) were recommended as a suitable test 
organism. 


STERILISATION BY FILTRATION 

It is possible to render fluids, including bacterial cultures, free from 
bacteria by passing them through special filters. The method is 
especially useful in making preparations of the soluble products of 
bacterial growth, such as toxins, and in sterilising liquids tlut would be 
damaged by heat, such as serum and imtibiotic solutions. These filters 
have pores so small that ordinary bacteria are arrested. The British 
Phanmceutical Codex test for bacteria-proof filters requires that 
efficient filters ^ould be able to retain Serratia marcescens. This 
indicates an average pore diameter of 0*75 or less.' It is possible to 
produce some types of filter with a smaller pore diameter and they are 
able to retain smaller microorganisms including many viruses. In fact, 
it is possible to estimate the size of viral particles by using filters of 
different pore diameter although this technique ^ been largely supct' 
ceded. In general, however, “sterilising” filters must be regarded as 
rendering a liquid bacteria-free but not virus-ffee; for many laboratory 



STERILISATION BY FILTRATION 697 

purposes tibis is perfectly satisfactory but such fluids* e.g. serum 
“sterilised” by Seitz filtration, must not be regarded as safe for clinical 
use. 


TYPES OF FILTER 

The various types of filter used in bacteriological work are considered 
here, but some are clarifying filters and do not remove bacteria. 

(1) Earthenware candles, e.g. Berkefeld, Chamberland. 

(2) Asbestos and asbestos-paper disks, e.g. Seitz. 

(3) Sintered glass filters. 

(4) Cellulose membrane filters. 

Berkefeld Filters 

These are made from kieselguhr, a fossil diatomaceous earth found 
in deposits in Germany and other parts of the world. Filters made 
from this material are coarse — that is, have relatively large pores 
owing to the size of the granules forming the substance of &e filter. 
They are made in three grades of porosity — namely V (viel) the coarsest, 
W (wenig) the finest, and N (normal) intermediate. Of these, the 
Berkefeld V is the one usually employed, and it should not pass a small 
organism such as Serratia marcescem. 

A similar type to the Berkefeld is the Mandler filter, manufactured 
in the United States. 

These filters can be sterilised by steaming or autoclaving. After 
use they should be brushed with a stiff nail-brush and then bmled in 
distilled water. Before sterilising again, distilled water should be run 
through them to show that they are pervious. Wh«i the porm of 
earthenware or porcelain filters become clogged with organic matter 
they should be heated to redness in a muffle furnace and allowed to 
cool slowly. 

Chamberland Filters 

These are made of unglazed porcelain and are produced in various 
grades of porosity. The finer grades will pass only certain viruses of 
extreme minuteness, such as the viruses of foot-and-mouth disease and 
of fowl plague. The most porous, L^, allows many oiganisms to pass; 
being merely a clarifying fUter. The nett three, L^a, and L,, are 
comparable with the Berkefeld V, N and W candles respectively. The 
porcelain filters may be used for the removal of organisms from fluid 
cultures in order to obtain the bacterial toxin. 

Seita FUten 

This type consist of a disk of an asbestos composition throu^ 
^hidb the fluid is pmsed. The dkk is imoted into a metid hol^ 
fiiat ensures a t^ht joint being made. After use tiie asbestM didt ^ 
(kscarded and a new one nnployed for each fihration. : VarsenM #iass 
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for laboratory work are available. The large size pf Seitz filter, with 
14 cm. diameter disk, can be recommended for the sterilisation of 
large amounts of serum to be used in the preparation of media. The 
dii& are supplied in three grades — ^termed clarifying (K), normal and 
“special EK”. The normal and EK grade of disk do not allow the 
ordinary test bacteria, e.g. Sen. marcescens, to pass. 

Similar disks are made in Britain, and are as reliable and efficient 
as the foreign ones. The grade GS corresponds to the EK, and the 
FCB to the K disks. These are supplied by A. Gallenkamp & Co. Ltd., 
London, and John C. Carlson, Ltd., Weir Mills, Mossley, Lancs. 

The filter is loosely assembled with the asbestos disk in position 
and the delivery tube passed through a rubber bung when a filtering 
flask is used. The whole is wrapped in kraft paper and stterilised in the 
steamer or autoclave. The filtering flask is plugged andmtted with an 
air filter. When using Seitz filters it is advisable to moisten the disk 
with sterile saline and then screw down tightly the uppM part of the 
metal on the softened asbestos before pouring in the Jiquid to be 
filtered. 

Sintered Glass Filters 

These are made of finely ground glass fused sufficiently to make the 
small particles adhere. A special grade for sterilisation purposes is 
manufactured by supporting a specially fine (“grade 5”) filter on a 
coarser (“grade 3”) layer, and is known as the “3/5” t^e. These 
filters are attached to the filtering apparatus and sterilised in the 
same way as the Seitz filter, but care must be taken that extremes of 
temperature are avoided. After use they are washed with runnii^ 
water in the reverse direction. They should be cleaned with warm 
sulphuric acid to which has been added a quantity of potassium nitrate, 
and not with sulphuric-acid-bichromate mixture. 

Cellulose Membrane Filters 

Two types of cellulose membrane filters are available: the older 
type (gradocol membranes) are composed of cellulose nitrate whereas 
the modem membrane filters consist of cellulose acetate. 

Gradocol membranes . — ^Elford (1931) devised a technique for pre- 
paring collodion (nitro-cellulose) membranes of graded porosity which 
he termed gradocol membranes, sinc^ they are products of graded 
coagulation of collodion. Collodion films show two types of structure: 

(a) microgel, which has a coarse structure visible microscopically, and 

(b) ultragel, the stmctural elements of which are not resolvable by 

the microscope, but which is built up of particulate matter. 
Hitherto, these membranes, although uniform, had not been 
sufliciendy permeable for filtration work. 

The gradocol membranes possess the pnmeability of the microgel 
type, but have the ultragel structure and are very uniform in their 
imrosity. They are made from an acetone solution of collodion diluted 
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with an ethyl-aicohol-ether mixture to which are added varying amounts 
of amyl dcohol; 75 ml. of the mixture are poured into a shallow 
cell 20 cm. in diameter in a constant-temperature room (22*5° C.), 
allowed to evaporate for var 3 ring periods of one to three hours, 
and then washed over an extended period with distilled water. By 
varying the amount and composition of the collodion mixture, and the 
conditions of evaporation, permeable filters of average-pore size (APS) 
ranging from 3 fi down to 10 mju or less have been prepared. It is 
possible to reproduce accurately at any time filters of any desired 
permeability and porosity. The technical details are elaborate and of 
extreme importance. It is recommended that gradocol membranes 
are sterilised by steaming. Autoclaving is too drastic since it alters the 
permeability of the membrane. 

By means of these collodion membranes it has been possible to 
determine the size of many of the viruses. 

Modem membrane filters . — ^These filters were first developed by the 
Millipore Filter Corporation in America where they are referred to as 
“millipore” filters. Similar filters made by Courtaulds Limited and 
marketed by Oxo Limited as “Oxoid” membrane filters have been 
available in this country since 1955. The filters consist of cellulose 
acetate and are composed of two layers, a basal layer with pores of 
3-5 (I and an upper layer with pores of 0*5-1 *0 in diameter. This 
structure gives a remar^ble degree of porosity yet ensures that bacteria 
are trapped on the upper surface. The filters are effective in retainu^ 
Serratia marcescens. They withstand sterilisation by autoclaving at 
121° C. and may be stored indefinitely in a dry condition. They are 
made in a variety of sizes from 1*7 cm. to 14 cm. and can be fitted into 
metal or glass holders. 

Cellulose membrane filters have several advantages over the widely 
used Seitz asbestos filters. They are much less adsorptive and the rate 
of filtration is much greater. Also, bacteria retained on the surface of a 
membrane filter can be subsequently grown by placing the filter in 
contact with culture media when, after suitable incubation, visible 
colonies will develop. This technique, which can be made quantitative,, 
has many varied applications (see p. 972). 

Technique dTFiltratkm 

As fluids do not readily pass through filters by gravity, it is necessary 
to use positive or negative pressure. Suction is the most ccmvenient 
method of filtration, the fluid being drawn through the filter into a 
sterile container, usually a “filtering fia^”, which is a conical flask of 
thick glass with a side-arm. 

The smallest negative pressure that produces satisfactory filtration 
should be use4 commencing wi^ a small pressure and gnului^y 
increasing as filtration proceeds. For ordinary purposes a n^iative 
pressure of 100-200 mm. of m«xmry is usually suflident. 

When udng a filter of the Berkefeld type, ^ eartiKaivdHe *^C!SttidIe” 
is fitted by means of a screw and wadiers into a (tylindrkal mande, 
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and the metal tube of die filter passes through a rubber stopper which 
is fitted into the neck of the flask. The side-arm of the is con- 
nected with an exhaust pump by pressure tiibuig. The fluid is poured 
into the mantle and after filtration is collected into the flask. The 
necessary suction is obtained by the usual form of water pump or by a 
mechanical air pump. The negative pressure is estimated by means 
of an attached mercury or other type of manometer. 

Similarly, when using other filters the metal tube may be inserted 
into a rubber bung which fits into a filtering flask. 

A disadvantage of the filtering flask is ^t the filtered fluid has to 
be transferred later to another container, and where it is desired to 
store filtered fluids, t.g, serum or culture media, contamination may 
occur in the process. It has also been observed that rubber bungs are 
not resilient- after one autoclaving and do not again fit satisfactoi^y so 
that it is necessary to tie the bung to the filter flask and\seal the joints 
with wax. 

As an alternative to a filtering flask a simple fittingWttached to a 
screw-capped bottle can be recommended. It consists 'of a straight 
piece of metal tubing, 6-7 mm. external diameter, surrounded by a 

wider piece of tubing to which is fitted a side- 
arm. The tubes are fitted into a metal screw- 
cap furnished with a washer to secure an air- 
tight joint (figure 51). The fitting is made 
preferably of stainless steel. Any of the screw- 
capped bottles can be used according to the 
amount of fluid to be filtered. As several sizes 
of bottles may fit one size of screw-cap, a few 
different sizes of cap will cover a range from 
a few ml. up to 4 litres. The filter employed 
is connected to the top of the fitting by pressure 
rubber tubing. 

One of the advantages of the metal screw- 
cap fitting is that when the filtrate has to be 
stored, e.g. toxin, serum, etc., it need not be 
removed from the container. An ordinary 
screw-cap for the bottle is wrapped in kraft 
paper and sterilised with the remainder of the 
Fio. 51 apparatus. After filtration the filter and screw 

attachment we removed, the ordinary cap is 
taken from its sterile wrapper and screwed on. Where the filtrate is to 
be kept for some time a vi^p over the screw-cap is recommended to 
exclude dust and obviate unauthorised opening. 

Filtration vH Small Amounts of Fluid 

With the smaller sizes of filters, a small test-tube may be arrsi^ed 
inside the filtering flask so that the ddivery tube of the filter projects 
into the open end of the tube and the filtered fluid is collected directly 
in the small tube instead of the flarii itsdf. 

Crntrifugal Filter . — small amount of fluid may be convmiently 
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filtered widi a simple filter hcdder (supplied by H. A. Jones, Beamnaris, 
Angles^) carryii^ a sterile screw-topped |-oz. or 1-oz. bottle at either 
end. The fluid is placed in one bottle and the holder, whidi is fitted 
with either a Seitz filter pad (1-8 cm.), or an “Oxoid” meml»ane fflter 
(1-7 cm.) is screwed on to the top of die bottle. The second bottle is 
screwed on to the other end of the holder imd the assembfy then placed 
in a bucket of a centrifuge so that the emp^ bottle will ^ outermost. 
It is necessary to match balanced pairs of these filters in opposite 
buckets. Filtration is usually complete within ten minutes of centri- 
fugation. 


CHEMICAL METHODS OF DISINFECTION 

Chemical ‘sterilising’ agents are widely used but few of them have 
any effect on spores. The terms dUinfectant and antiseptic are generally 
applied to different types of substances. Disinfectants are potent but 
toxic preparations which are able to destroy pathogenic microorganisms 
but not necessarily resistant spores. They are suitable only for applica- 
tion to inanimate objects. Antiseptics are substances sufficiently non- 
toxic for superficial application to living tissue which either kill micro- 
organisms or prevent their growth. The mass of available data 
concerning these agents is often contradictory and it may be difficult 
to be dogmatic regarding the best preparation for a particular purpose. 

A few disinfectants and antiseptics with their particular uses are 
mentioned here and elsewhere in this chapter. They receive further 
attention in Chapter 53 and for comprehensive treatment of the clinical 
aspects of this subject the reader is referred to Williams et al. (1960). 

(1) Volatile Antiseptics, e.g. Chtoroform . — Chloroform is some- 
times used in the sterilisation and preservation of serum (for culture 
media), and the chloroform, which is added in the proportion of 0-25 
per cent., can later be removed by heating at 56° C. If the serum is to 
be used for making a coagulated serum medium {e.g. Ldffler’s medium) 
the chloroform will be removed by the heating applied for coagulation. 
Chloroform is used also for preserving culture media in bulk. Vege-- 
tative bacteria are killed by exposure to chloroform liquid or strong 
vapour within a minute or so. Plate cultures of vegetative bacteria are 
sometimes killed by exposure for a few minutes to the vapour of a little 
chloroform placed in the lid of the plate. 

(2) An^eptics of the Phenol Group . — ^Liquor cresolis saponatus 
(lysol) and crestfl are powerful antiseptics. Their chief use in a 
laboratory is for sterilising surgical instruments and discarded cultures, 
and killing cultures accidently spilt by the worker. Lysol is generally 
used in a 3 per cent, solution. Phenol, 0-5 per cwit, or p-<Moro-f»- 
cresol, 0-1 per cent., is used for presovinig sera and vaccines. 

(3) MetaUk Saks or Organic Compov^ of Metais.-r€.g. mercurk: 

chloride (perchloride of mercury) is sometimes, used as a d^rffedant 
lu a 1 in 1000 solution. “Merffikflate”, a prtqirietary name for soiffiuin 
cdiylmercuriihifMalic^te, b used in a diiutkm of 1 in 10,000 for foe 
preserv^on of antitoxic and ofoer sm. ' ' 



702 


MEDICAL MICROBIOLOGY 


(4) Fonnaldehyie. — ^This irritant water-soluble gas is highly lethal 
to aU kinds of microbes and spores, killing bacterid spores almost as 
readily as the vegetative forms. It is cheap, and non-injurious to cloth- 
fabrics, wood, leather, rubber, paints and metals, and can thus be used 
to disinfect rooms, famiture and a wide variety of articles liable to 
damage by heat {e.g. woollen blankets and clothing, shoes, respirators, 
hairbrushes, gum-ekstic catheters). It is appUed as an aqueous solution 
or in gaseous form (Monthly Bull. Ministr. Hlth. Lab. Serv., 1958). 

Disinfection with Aqueous Formaldehyde Solution. — Commercial “for- 
malin” is a 40 per cent, (w/v) solution of formaldehyde in water 
containing 10 per cent, methanol to inhibit polymerisation. A dilution 
containing 5 or 10 per cent, formaldehyde in water isia powerful and 
rapid disinfectant when applied directly to a contaminated surface. 

Bacterial cultures and suspensions are commonly killed and fixed by 
addition of formaldehyde to a concentration of 0’04Vl‘0 per cent., 
e.g. for preservation prior to counting or other measurements, and in 
preparation of a killed vaccine or agglutinable suspensior 

Cleaned metal instruments may be sterilised by overnight immersion 
in a borax-formaldehyde solution: 

Sodium tetraborate ... 50 g. 

Formaldehyde, 4 per cent, in water 1000 ml. 

Disinfection by Formaldehyde Gas. — Gaseous disinfection is required 
for articles that cannot be wetted completely with solution, or are 
damaged by wetting, but care is required to provide the i proper con- 
ditions for action of the gas. Thus, the atmosphere must have a high 
relative humidity, over 60 per cent, and preferably 80-90 per cent., and 
a temperature of at least 18° C. Moreover, tlxe materials must be 
arranged to allow free access of the gas to all infected surfaces, since its 
penetration into porous fabrics is slow. 

The gas is liberated by spraying or heating formalin, or by heating 
solid paraformaldehyde. Vi^en spraying cold formalin, an equal 
volume of industrial spirit (ethanol) may be added to prevent poly- 
merisation. The best method is by boiling formalin diluted with 
sufficient water to produce an adequate atmospheric humidity. Because 
of the tendency of the gas to polymerise to paraformaldehyde, the 
maximal vapour concentration attainable at 20° C. is about 2*0 mg. per 
litre of air; it is desirable to achieve this concentration. Higher 
concentrations, which may be potenffidly explosive, are attainable at 
higher temperatures. After disinfection, the article may contain 
sufficient paraformaldehyde to give off irritant vapour over a long 
period; this parafoimaldehyde can be neutralised by exposure to 
ammonia vapour. 

Sinall articles, such as instruments, shoes and hair-brushes, are dis- 
infected by exposure for at least 3 hr. to formaldehyde gas in an air-tight 
cabinet of m^ or painted wood. The gas is introduced into the air 
in the cabinet by boiling formalin in an dectric boiler to the extent 
of 50 ml. of 40 per cent, formaldehyde per 100 cu. ft. of air sp^e. 
Blankets and the surfaces of mattresses are disinfected similarly k) a 
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large cabinet, wlure ibey are hung unfolded; to allow fen;- Absorption 
by the fabric, a much greater amount of formalin is traed, namely 
5W ml. per 100 lb. of fabrics. The vapour is finally vented to the open 
air. Folded blankets and clotfaii^ can be disinfected only if some heat 
is applied. Ibey are packed in the chamber of a steam-jacketed auto- 
clave, 100 ml. of formidin per 100 cu. ft. is placed in the bottom of die 
chamber and the chamber is heated at 100° C. for 3 hr. by passing 
free steam through the jacket. The vapour is filially vented through 
the autoclave vacuum system. 

(5) Ethylene Oacide.— This gaseous disinfectant is also highly lethal 
to all kinds of microbes and spores, but is capable of much more rapid 
diffusion into dry, porous materials. It is of particular value for 
sterilising articles liable to damage by heat, e.g. plastic and rubber 
articles, blankets, pharmaceutical products and complex apparatus such 
as heart-lung machines (Kelsey, 1961). It is a colourless liquid, boiling 
point 10-7° C. Above this temperature it is a moderately toxic gas 
which forms an explosive mixture when more than 3 per cent, is present 
in air. A non-explosive mixture, however, of 10 per cent, ethylene 
oxide in carbon dioxide, or in halogenated hydrocarbon can be employed 
for sterilisation. It is lethal to bacteria and viruses, and kills spores 
almost as easily as vegetative cells. The sterilisation time depends, 
among other factors, on the temperature of the reaction and the relative 
humi^ty, which ideally should be between 20 and 40 per cent. The 
test organism commoidy used is Bacillus subtiUs. var globigii. Desic- 
cated organisms are dif^lt to kill especially if they ^ve been dried 
on to a hard surface such as glass or pk^ic. Objects to be sterilised are 
placed in a cabinet from which the air has been removed by drawii^ a 
high vacuum, and a non-explosive mixture containing ethylene oxide 
is then introduced to a pressure of 5-30 lb. per sq. in. above atmos- 
pheric pressure. The cabinet should be maintained at 45°-55° C. and 
water introduced, if necessary, to give a relative humidity of 30 per cent. 
After exposure for several hours or overnight, the gas is removed by 
drawing a h^h vacuum. In a limited way ethylene oxide can be used 
as a sterilising agent in the laboratory employing an anaerobic jar or a 
desiccator jar as the chamber. 


SOME SPECIAL APPUCAHONS OF SIEfOUSING METHODS IN 
LABORATORY AND MEDICAL PRACTICE 

Autoclariiig of Aqueous Solutions and Culture Media 

The autoclavii^ of aqueous solutions and culture media muM be 
uianaged in such a way that the exposure to heat is suffident for stexil*' 
isation, but not so excessive or prdonged as to damage heat-seositive 
ingredients. Culture media vary in l^t sensitivity, ^me, si^ as 
gelatin media, will not stand autoclaving and are steri&ed by intep* 
mittent steaming at 100° C. Many other m^ can witibstand auto* 
clavingjBt 121° C. for 15 min., but are spoiled if h^Ued at this ten^era- 
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ture for 30-45 min., or if, after a 15-min. exposure, they are cooled 
so slowly as to be maintained above 100° C. for a further 30-60 min. 
Thus, sugars such as glucose, maltose and lactose may be partially 
decomposed to form acids, p^tones may be broken down, and ^ar, 
especi^y in add media, may lose its ability to form a firm gel. The 
media should therdbre be autoclaved for the minimum period suffident 
for sterilisation and then cooled as rapidly as possible (^oide iitfra). 
Bottles of media should be of such a size that their whole contents are 
used on one occasion, so as to avoid the need for repeated sterilisation 
or melting. Agar medium should be sterilised when first made and 
melted, to avoid the extra heating needed to melt it on another 
occasion. I 

An exposure of the microbes to 121° C. for 10-12 niin. is generally 
thought sufiicient for sterilisation. The holding period W sterilisation, 
which is timed to begin when the chamber steam first r^che8 121° C. 
at 15 lb. pressure, must include not only this 10-12 mim. but also a 
time sufficient for the bottles, tubes, etc., and their contents to become 
heated up to the same temperature as the steam. The length of the 
heating-up period depends on the nature of the container, the volume 
of its contents and the mode of operation of the autoclave. Thus, it 
might be only 1-2 min. for 10-ml. volumes in test-tubes loosely placed 
to allow free circulation of steam, and as much as 45 min. for a fla^ 
of 9 litres. Ideally, the exact time should be determined by trial for 
the particular kind of container and volume of contents; the autoclave 
is fitted with a thermocouple and this is inserted in a test container to 
reveal its temperature throughout the course of autoclaving. In 
general, the following are recommended as the total holding periods in 
steam at 121° C.: 12 min. for 10-ml. volumes in loosely packed test- 
tubes, 15 min. for 10-ml. volumes in tubes tightly packed in wire 
baskets, 15 min. for volumes up to 100 ml. in bottles or fiasks, 20-25 
min. for 500-ml. volumes, 25-30 min. for 1000-ml. volumes and 
35-45 min. for 2000-ml. volumes. It is a bad practice to autoclave 
large and small volumes in the same load, since with the same holding 
period {e.g. 20 min.) the former (e.g. 2000 ml.) may not be sterilised, 
yet the latter {e.g. 10 ml.) be damaged by overheating. 

The bottles, tubes, etc., should not be filled to more than 75-80 per 
cent, of their capacity lest the contents overflow on expansion during 
heating. The containers may be loosely stoppered, e.g. with cotton- 
wool plugs or loosely applied screw-caps, or else hermetically sealed, 
e.g. sealed ampoules and bottles with tightly applied screw-caps. In 
sealed containers the aqueous content provides the conditions for moist- 
heat sterilisation and ffie presence of some air does not interfere with 
this. Hermetic sealing is an advantage in preventing loss of water 
from the contents by evaporation or violent boiling during the cooling 
period when the steam pressure is beii^ reduced. It also nukes possible 
the autoclaving of solidified ^ medium without disruption by bubble 
formation. However, raccept for the smallest bottles, the tight apphp^' 
tion of a screw-cap increases the liability to breakage during autodaving 
and makes cooling-down slower. 
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For these reasons, it is usual to autoclave aqueous me^ in con* 
timers stoppered with cotton-wool, with loose metal caps or with screw- 
caps ^diich are loosened slightly. This practice necessitates careful 
man^ement of the cooling period. When the steam supfdy to die 
chamber is stopped at the end of the holding period, the steam already 
in the chamber gradually cook and diminishes in pressure. This 
induces evaporation of water (torn the medium in the container and 
escape of the vapour through the loose stopper. The evaporation is the 
main means of cooling of the containers and conteits. Witii the correct 
management the loss of water from the medium is only 3-5 per cent 
It is dierefore usual to prepare aqueous media and solutions for auto- 
claving by adding an extra 5 per cent, of distilled water, so that their 
concentration wiU be correct after the autoclaving. The cooling process 
should be managed in such a way that the chamber pressure diminishes 
gradually from 15 lb. per sq. in. to atmospheric pressure in the course of 
10-30 min., the optimal time varyii^ with the volume of medium 
per container (15-^ min. is usually most satisfactory). The rate at 
which the chamber steam spontaneously cook and loses pressure, i.e. 
without opening of the chamber dkcharge valve, varies with the type 
of autoclave, the load and other conditions. The reduction to atmos- 
pheric pressure may occur in the desired time {e,g. 15-20 min.), or 
may take up to an hour or longer. The slower cooling is undesirable 
since it may result in damage to heat-sensitive materiak. If necessary, 
therefore, the chamber discharge valve should be opened slightly so as 
to bring about a gradual reduction to atmospheric pressure over the 
proper period of time. Too rapid a reduction must be avoided, once 
the media would then boil explosively. Some modem autoclaves, 
specially designed for sterilising aqueous media, incorporate a device 
which effects rapid cooling without violent boiling; tlm may invtffve 
the replacement of chamber steam vnth air at the same pressure, or 
spraying of the load with condensate at a temperature slightly below 
that of the steam. 

When the pressure gauge shows that the steam in tiie chamber has 
reached 0 lb. per sq. in. (atmospheric pressure), air k at once admitted 
into the chamW, t^ugh the air inlet and filter if available, or througE 
the chamber discharge tap, or by opening the chamber dror sli^y. 
If thk k not done until the pressure has fallen below atmospheric, more 
water will be lost by evaporation from the contsuners. WhensufiSdsttiy 
cool, e.g. below 70° C., the containers are removed from the autodave 
and their screw-caps tightened firmly. 

Autoelaoing in "Free Stem” a Kodh or Arnold steamo: k 

not available, an autoclave may be used to sterilise odture media at a 
tenqierature of 100° C., or just over. The door of dunnber k 
tightly closed, the steam supply turned on and the air expelied thiou|^ 
the open dkdiai|[e tap. Aft^ expukion of the air, the st^un k 
adjusted so that an adequate amount continues to escape through the 
^en tap, and a prepare of 1-2 lb. (above atmospheric) k maintained 
k the Camber during tile holding period; thk may be less tiumm the 
ordmaty steamer (e.g. 60 min.}. 

2y 
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Sterilhatiott of Bottled Fluide 

Hydrated fluids, as used for therapeutic intravenous infusioM, can 
be sterilised in a relatively simple manner because any contaminating 
bacteria will already be moist and their destruction merely necesntates 
baring the fluid in each container to the appropriate temperature and 
holding it there for the appropriate time viz. 121“ C. for 12 min. or 
1 15“ C. for 30 min. (M.R.C. Report 1959). Unduly prolonged exposure 
periods are to be avoided since deterioration of the solutions may result. 
Water itself should be sterilised in this way as it is the only safe method 
of preparing and handli^ sterile water for use in operating theatres and 
elsewhere. For sterilismg bottled fluids a gravity displacement auto- 
clave is satisfactory. It does not need to be jacketed Wd it does not 
require a vacuum-producing apparatus. The autoclav« employed are 
often large and heat “layering” may be present. The rate and evenness 
of heating can be improved by introducing steam through a nrunber 
of inlets so that turbulence of the steam/air mixture^ is produced 
(Wilkinson & Peacock, 1961). Excessive breakage, the result of heating 
or cooling the bottles too quickly, has to be avoided and the process 
is a slow one. However, devices are being developed to give more 
rapid cooling and shorten the whole cycle of sterilisation. 

Sterilisation of Empty Bottles and Impervious Containers 

If emp^ and dry containers are to be autoclaved, they must not be 
tightly stoppered, since steam would be excluded and sterilisation by 
moist heat impossible. They should be placed on their sides in the 
autoclave to allow a horizontd path for the entry of steam and escape 
of air. If unstoppered, they wiU be sterilised quickly, but if stoppered 
even loosely, as with cotton-wool or a loosened screw-cap, the displace- 
ment of air is slow and the holding period at 121 “ C. should be extended 
to at least 30 min. Because of me uncertainty of air displacement 
from stoppered empty containers, it is better to sterilise them in the 
hot-air oven. 

The disadvantage of dry heat sterilisation, however, is that the liner 
ii^de the screw-cap is usually made of rubber which perishes at the 
high temperatures (160“ C.) employed but this problem can be over- 
come by using liners made of silicone rubber (available from ESCO 
(Rubber) Ltd., Seal Street, London, El8). Although expensive, silicone 
rubber is able to withstand repeated exposures in the hot air oven and 
t^g more porous than ordinary rubber the caps may be screwed down 
tightiy without the risk of the bottle exploding during sterilisation. 

SterilisatiQn of Wrq^ped Dry Goods and Sui|^cal Dressiiifli 

pry {wrous goods such as paper- or doth-wrapped apparatus, wd 
sutgicd linen and dressings, require spedal attention In autoclaving, 
firs^ to ensure the complete displacement of air from their 
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by steam* and sccoi^ to diem before removal ftom the autodave 
(for mimh detailed infoimdon consult the M.R.C. R^rt 1959). 

In conventional st^sera the air is removed by the 
mmt mdhod, being driven downwards through the load by ^ lighter 
steam accumulating above it This method requires tibat the lo^ be 
carefully packed so that adequate spaces ve left for dtculadon of steun 
between ^ packs and that a free downward movement of air is possible 
through the materials of each pack. Dry materials must not be enclosed 
in sealed impervious containers which prevent the entry of steam and 
escape of air. Glass and metal containers are left open or covered only 
loosely, and placed on their sides. Metal dnuns and caskete must be 
provided with air ports and these must not be obstructed by the 
contents being packed against them. The ports must always be fully 
open during sterilisation and the container so positioned in the 
autoclave that steam can flow through freely from top to bottom m 
the open vents. Formerly, dressing drums were round, but rectangular 
caskets, much more easy to pack and handle, are now being introduced. 

It must be stressed that a drum which can only be closed with difficulty 
is grossly overpacked. In many ways it is preferable to pad: materials 
in a wr^per of porous cloth or paper, since this allows a much freer 
passage of air and steam. For surgical packs, a wrapping of at least 
two layers of good muslin is recommended. A single layer of coarse 
brown (kraft) paper is also satisfactory, though more likely to be tom 
in the handling of lai^e pack^es. A paper wrapping is commonly 
used for small articles of laboratory apparatus (see Maintenance m 
Sterility). 

Suigical dressings and other cloth articles should be arranged in 
packs no bigger than 12 x 12 x 20 inches, and these should be pla^ on 
edge in the autoclave so that the layers of cloth are vertical Rubber 
gloves are powdered and packed loosely in muslin wraps, witii pads 
of muslin in the palm and folds to allow access of steam to all parts. 
In an attempt to minimise deterioration it used to be custom^ to 
autoclave rubber gloves at 5 to 10 lb. pressure for a short period of 
time. Sud exposures do mt guarantee sterili^ and gloves dould be’ 
autoclaved at the same temperature as other padaged goods. Treat- 
ment in a high-pressure, high-vacuum steril^r requires only a brief 
exposure at 130®-134® C. and this probably combines safety twth 
minimum deterioration (M.R.C. Report 1960). Tubing is wetted inside 
with water just before placing in the autoclave. Instrummts and 
eyrii^es must be free from oil and grease, jointed instruments (n>«i, and 
^ges eider tUsassembled or dK moistened internally with water. 
The auto^ve chamber must not be overloaded nor the perflnated ttiqr 
tonoved to make more room. 

Vamm Removal of Air.— Tfxt ventari vacuum device that is 
<»mmonly incorporated in autodaves to assist diyii^ can draw a 
P wid vBcuiun only and remove no more than a thira to a hatf fli de 

from the danffio'. Ihis vacuum is sometimes afiplied beh»e the 
, ‘‘^issimi ^ steam, but the partial evacuatimi of air a of little vdbte, 

I ^metimfe tl^ vacuum u dmwn two or more times, steam beh^ 
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between each vacuum. In the case of textilea audi repeated 
evacuation merely produces a “breaking” motion of the same air inside 
the material In fact, if prolonged, the residt of this type of vacuum 
may be overdrying and injurious superheating of the load. On the 
other hand, vacuum removal of more than 98 per cent, of the air is 
employed to great advantage in modem “high pre-vacuum” sterilisers. 
The tiigb pre-vacuum contributes to the efficient steam sterilisation of 
dressings, helping to produce a dry sterile load in the shortest possible 
time without causing damage (Fallon, 1961). It should be emphasised 
that this method is the only one which overcomes the effects of bad 
packii^ and overloading. 

Avoidance of Damage by Superheating. — Cloth and jrubber articles 
are liable to be damaged by excessive heating. Whenlvery dry cloth 
is first exposed to steam, it adsorbs and condenses an exTCSsive amount 
of it and receives the corresponding excess of latent heatMthis may raise 
its temperature to 25°-100° C. above that of the autocMve. Freshly 
laundered fabrics contain sufficient moisture to prevent this and so 
should not be stored overlong in a place of low humidity Wfore being 
sterilised, nor be subjected to drying by pre-heating in the steriliser or a 
prolonged application of vaccum. Heating in steam mixed with some 
air is more damaging than heating in pure steam, especially in the case 
of rubber articles. 

The Duration of the Holding Period at 121° C. — ^The holding period 
is timed as beginning when die discharge-channel thermometer first 
indicates 121 ° C. All free air has then been displaced from the chamber, 
but some still remains trapped in the interior of the porous load. The 
further time required for the steam to penetrate all parts, displace the 
air and heat the load throughout to 121° C., may extend to 30 min. 
or even longer. This “steam penetration time” must be added to the 
“sterilising time” of 12 min. in computing the holding period. The 
following are generally recommended as the total holding times at 
121° C.: 15-20 min. for muslin- or paper-wrapped instruments, 
rubber gloves and open metal or glass containers; 30 min. for muslin- 
or paper-wrapped packs of surgical linen and dressings, wrapped 
syringes, and loosely stoppered metal or glass containers; 45 min. for 
metal surgical dressing drums with muslin liners. The holding period 
is much shorter when a high pre-vacuum steriliser is employed. Once 
the pre-sterilisation vacuum Im been drawn, heating up and full pene- 
tration by steam of a load of textiles firmly packed in dressing ^ms 
will be accomplished in 3 min. and the sterilisation time is also shorter, 
e.g. 3 nun. at 135° C. (see table, p. 709). 

Drying of the Load. — The load is dried during the cooling period. 
The supply of steam at 121° C. is maintained in §ie jacket, while that 
to the chamber is cut off. The chamber steam is allowed to escape 
rapidly through the discharge tap until zero gauge pressure is reached. 
The moisture of the load is then evaporated by ffie residual heat of the 
articles and r^iant heat from the jacketed walls of the chamber. . The 
drying is assisted to completion by the removal of vj^ur from the 
dhamber. The venturi device is used to suck warned, filtered ait into 
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and duough die chamber; this carries away the vapour and dries the 
load in 15-25 min. The'air allowed into the diamber ijtot be drawn 
throu^ an efficient filter to free it from dust-borne bacteria wfatdi 
otherwise might enter the sterilised packi^es. 

Without the concurrent admission of nr, the application of dw 
partial vacuum (15 in. Hg. or less) obtainable by the venturi device is 
quite inadequate to effect drying. Alternatively as loi^ as ^ load is 
not wet from inadequately dried steam the attuning of a vacuum of 
20 in. Hg. or more should be sufficient to achieve ckying since water 
retained in the load will “boil off” more rapidly at this reduced chamber 
pressure. Filtered air is still required, however, to break the vacuum 
before the steriliser is opened. Thus in a modem high pre-vacuum 
autoclave the drying period is very short. The table shovra how die 
overall process time for a load of sui^cal dressings is gready reduced 
by employing a high pre-vacuum autoclave (Bowie, 1958). 


Process Time in a 9 cu. ft. Gravity 

Process Time in a 9 cu. ft. High 

1 Displacement Steriliser 


Pre-Vacuum Steriliser 


{hoKD-Dressittgs packed loosely in caskets) 

(LoAD-Dresriay^s firmly packed in 

caskets) 

Stage 

Time 

{min.) 

Stage 

Time 

(mm.) 

Time for thermometer to indi- 


Time to draw pre-sterilisation 

cate 12V C. (250^ F.) 

10 

vacuum .... 

7 

Estimated penetrating and heat* 


Time for thermometer to indi- 


ing*up time 

27 

cate 134° C. (273° F.) . 
(include. Meam penetration and 

3 



heating-up time.) 


Sterilisation holding period 

12 

Sterilisation holding period 

2 

Safety margin 

6 

Safety margin 

1 

Vacuum drying period . 

25 

Vacuum drying period . 

3 



Breaking vacuum . 

1 

Total . 

80 

Total . 

17 

i 

: Comparison of process times in 

a gravity displacement and a high pre-vacuum 

steriliser (after Bowie, 1958). 




Sterilisation of Sui^cal Instruments 

Boiling is effective only when 2 per cent, sodium carbonate or a 
germicide has been added to the water and there is always the risk of 
recontamination when the instruments are being washed before use to 
free them from these substances. Moreover, there may be a tendency 
to shorten the process in order to please the waiting surgeon. As a 
result the of small pressure sterilisers that will ensure die safety oS 
unwrapped instmments and bowls is to be preferred. Sudi autodaves 
can be of simple design and since heating up and penetration ate 
instantaneous ffie process time is diort, espedally if the steriUstf can be 
operated at 132M34° C. 

Heat is said to blunt sharp instruments but this effect is mainiy due 
to oxidmion and dnnage should not be cammd by pure steam. l%e 
only established chemied sterilising i^ts are emylene mdkfo and 
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fonnaldehyde and they can be used to sterilise instninuaxte such as 
scalpels. Complex pieces of apparatus like cystost^, cannot 
witlwtand heat even at 100* C., may often be rendered safe for their 
particular purposes by removing aU vegetative oi^jamsms mcluding 
Mycobocteriwn tiAerculosis. Pasteurisation at 75 C. or treatmrat with 
preferably in 75 per cent, ethanol can be recommended 
for this purpose. 


Sterilisaticm of Syringes 

As syringes play an important part in the work of bacteriological 
laboratories and hospital wards, particular attention mast be given to 
their use, care and sterilisation. Sterilisation by heat iai the method of 
choice and chemical agents are in general unsatisfactoryl 

It is reconunended that all-glass syringes should be lued in prefer- 
ence to the glass-metal syringe of the “Record” type, owr which they 
have many advantages. The glass-metal type is more difficult to clean, 
and is more likely to break on heating owing to the difference of ex- 
pansion of glass and metal. It cannot be sterilised when assembled and 
is more difficult to keep sterile until ready for use. The solder uniting 
the glass and metal parts may melt in the hot-air oven, and may even 
do so in the autoclave. Syringes are now available, however, with 
cement at the glass-metal junction that will withstand 200° C. Syringes 
of 5 ml. capacity and upwards should have excentric nobles. The 
needles should be of stainless steel of the best quality. Thi mounts of 
the needles must fit accurately to the nozzle of the syringe. 

All-glass Syringes . — Before being put into use, new syringes must 
be well washed in soap and water with a test-tube brush or burette 
brush according to size. After washing in clean, warm water, both 
barrel and piston are dried. 

In a laboratory it is convenient to have the syringes assembled, 
wrapped and sterilised, ready for use, and to have a supply of these 
sterilised syringes always on hand. When this service is not available, 
all-glass syringes may be sterilised just before use by boiling in a fish 
kettle or saucepan. If the tap water is hard it is best to use distilled 
water. The syringe is dismantled and the barrel and piston are placed in 
cold water, which is brought to the boil and kept boiling for not less 
than 5 min. The perforated tray is removed from the steriliser, the 
water poured off and the tray returned to the steriliser, which is covered 
immediately. When iby and cool raough, the barrel and piston 
are assembled wiffi sterile forceps or clean, dry fingers, tpuching only 
the outside of the barrel and the top of the piston. The sHrile syringe 
should be used immediately and not placed in stot^ “sterile” wattt or 
akoboL The needle should be boiled at the same time, and it is an 
advantage to thread it through a piece of lint to protect the point The 
needle is afiixed to the nozzle by means of sterile forceps. 

It is mu(ffi better, however, to sterilise all-glass syringes in the hot- 
air oven as follows. New syringes are deamra as above in soap and 
water, washed and dried. Ihe piston is lightly smeared with l^ttid 
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paralBiii the paiaffia being well rubbed into the ground with 
finger, inserted into the Wrdi, and moved backwards and forwRtds 
sevend times so that the syringe works evenly and smoothly. Excess of 
liqukl paraffin is to be avoided. The as8«nbled syringe is placed in a 
stout glass tube of such diameter that the barred of the syringe fits 
loosely and the fiai^ rests on the top of the tube. The tube should be 
of stich lei^;th that it accommodates the syringe, with needle fitted. 
The tube containing the syringe is then wrapped in clear transparent 
cellophan or similar materkl, a strip of material of the following sizes 
beii^ used: for 1-ml. and 2-ml. syringes 3 in. x 9 in., for 5-ml. 4 in. x 
11 in., for 10-ml. and 20-mi. 5 in. x 14 in. The cellophan is rolled in a 
spiral fashion round the tube, commencing at the bottom with a fold 
and tum-in, and finishing above the piston of the syringe with a firm 
twist. If cellophan is not available, kraft paper can be used, but the 
disadvantage of this is that the syringe cannot be seen, and relevant 
information, e.g. size of syringe, etc., must be written in pencil on the 
paper. Alternatively the syringe may be packed in a metal tube, 
usually made of aluminium. 

The assembled and wrapped syringe is sterilised in the hot-air 
oven at 160° C. ( ± 2° C.) for not less than 1 hr. Under these conditions 
the cellophan turns slightly brown, indicating to the user that the 
syringe has been subjected to sterilisation. The syringe remains sterile 
indefinitely in its wrapping and is always ready for use. 

Needles are sterilised in 3 in. x | in. test-tubes plu^d with cotton- 
wool. In order to protect the point of the needle, a piece of 5-mm. glass 
tubing 2 in. long is placed in the tube and the point of the needle 
passed down it so that the mount of the needle rests on the tubing. The 
cotton-wool plug keeps the needle in place. The tubes with contained 
needles are individu^y wrapped in cellophan and sterilised as above 
at 160° C. for 1 hr. 

When lai^e numbers of syringes have to be handled some form of 
conveyor oven has many advantages. The assembly consists of a heated 
insulated tunnel through which a metal moving belt carried the articles 
to be sterilised. This enables a continuous and large output of materisd 
and should ensure standard heat treatment. Such an apparatus, with 
a series of infra-red projectors which produce rapid heathi^ of the 
moving load, has been described by Darmady et aL (1957). 

Sterilisation in the autoclave is only possible if stem is able to 
penetrate to every surface of the syrh^. In practice this means that 
^e piston must not be smeared with lubricant and if padeed in an 
impervious i^tainer this must not be sealed until a/ter the ^inge has 
been sterilu^. Assembled syringes may be sterilked in a high |ire- 
vacuum autoclave but in a gravity-di^l^moxt steriliser syrmge 
must be dismantled othmdse air discharge would be inefficient. 

After the^rringe has beenosed, e.g. for bloodculture, 8i^>itaiicHa,e^., 
it b inmeMat^ washed out in a cold solution d 2 per cent whi(^ 
should always be ready for the purpose. Blood mint never be dlowed 
to clot in the syringe, <^erw»e it be di&xilt to remove the j^istoa. 
Hot fluid must not be used, offiowise it will coagulate die pneeinand 
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the piston 'will stick. If the n^dle has been removed before the bkiod, 
etc., is expelled, it must immediately be deaned after the syrii^ has 
been washed out by affixing it to the fringe again and wadUng it 
through with the lysol solution. After wasmng, syringe and needle 
are returned to the tube in which they were sterilised. 

Before re-sterilising, the syringe is thoroughly cleaned in soapy water, 
a brush being used, then washed in dean, warm water and dried. If it 
is to be sterilised by dry heat it is finally lubricated -with liquid paraffin, 
before assembly. 

The needle is washed in warm 'water, the bore of the needle deared 
with a stilette, and the mount of the needle deaned with a piece of 
cotton-wool on a s'wab-stick to remove any blood, etc| After washii^ 
it with warm water it is run through with alcohol and allowed to dry. 
Before being sterilised the point is touched up on a fiiK Arkansas slip- 
stone (size 4 in. X IJ in.), lubricated with thin machine oil or liquid 
paraffin, and examined with an 8 x hand-lens to see mat the point is 
really sharp. It is then run through with the stilette, washed in alcohol 
and dried. 

Glass-Metal (“Record”) Syringes . — These cannot be sterilised as 
above described because the solder-cement joining the glass and metal 
parts together may melt in the hot-air oven. Moreover, they cannot be 
sterilised, while assembled, by any heat method as the unequal expan- 
sion of glass and metal causes crackii^ of the barrel. In order to sterilise 
Record t 3 rpe s)rringes they must be taken apart. The i Record type 
syringe is usu^y sterilised by boiling for 5 min. as described above 
for dl-glass syringes. Alternatively, the piston and barrel can be 
wrapped separately in kraft paper and sterilised in the autoclave, 
although it should be noted that the solder-cement in some makes may 
melt even at this temperature. 

Glass-metal S 3 rrii^es are washed out immediately after use as 
described above, and the needles are cleaned and sharpened as for all- 
glass syringes. 


Duinfection of Rooms 

Fumigation with gaseous disinfectants was at one time commonly 
performed after a room had been occupied by a patient with an infec- 
tious disease. Sulphur dioxide, generated by burning sulphur, 'was the 
popular ^ent for this purpose but-k is effective only if the relative 
humidity is 60 per cent, or more. 

Termiiud disinfection is now practised only if the eni^onment has 
been contaminated with the organisms of a serious infe^ous disease 
such as anthrax, smallpox or tuberculosis and formaldehyde is generally 
used. 

Dissection of Rooms by SprayS FormaUn (Jack, 1952, 1954).-^This 
is probably the most effective means of disii^ecting tlm mterior and 
furniture of a room. The room is first well sealed by covmdng aa<kst 
ventilators, fireplaces, etc., with brown paper md adhesive ti^- ^ 
operator protected by an efficient anti-gas respirator flioroug^y moistois 
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all sur&ces of the walls, floor and fumituie with a spray ai 10 per cent, 
formaldehyde solution (1 volume of formalin and 3 vcdumes of water), 
and finally saturates the atmosphere by spraying undiluted formalin 
to the extent of 1 litre per 1000 cu. ft The room is closed by sealing 
the door and left for 24 hr. A basin of ammonia solution is flien 
introduced and left to evaporate for several hours (1 litre SG 880 
ammonia solution mixed with 1 litre of water per. Mtre of 40 per cent, 
formaldehyde used). This neutralises the formaldehyde and parafor- 
maldehyde, and the excess ammonia is readily removed by ventilation. 

Disinfection of Room with Formaldef^de Vapour . — The room is sealed 
as described above and heated, if necessary, to above 18° C. Formalin 
is boiled within the room in an electric boiler having a safety plug which 
kicks out when the vessel boils dry and a time switch set to cut off the 
current just prior to this; 500 ml. of 40 per cent, formaldehyde plus 
1000 ml. water are boiled per 1000 cu. ft. of air space. The room is 
kept sealed for 4-24 hr. and an operator wearing a respirator then 
introduces a cloth soaked in ammonia solution (250 ml. per litre of 
formalin used). This is left for 2 hr. to neutralise the formaldehyde. 


Disinfection of Bedclothes 

The bedding of a patient or carrier is liable to become heavily con- 
taminated with pathogenic bacteria such as Staph, aureus and Strept. 
byogenes, and, when disturbed, liberates large numbers of these into the 
air. Cotton and linen sheets, and blankets made from cotton or some 
synthetic fibres (Calnan, 1959), may be sterilised by boiling during 
laundering and it has been recommended that these blankets replace 
the conventional woollen ones which shrink on boiling. High tem- 
perature laundering of woollen blankets sufficient to destroy vegetative 
bacteria is feasible, however, if a slightly acid detergent imxture is used. 
Alternatively woollen blankets can be rendered safe by exposure to 
suitable chemical agents. Treatment with gaseous disinfectants such 
as formaldehyde vapour or ethylene oxide is effective but requires special 
equipment. Simpler methods include impregnation of the blankets 
with either quaternary ammonium disinfectants or synthetic phenolic 
compoimds (Larkin et al., 1961). Application of oil to the blankets in 
the last stage of the laundering process reduces the subsequent scatter 
of organisms. 


Disinfection of Skin 

The bacterial flora of the skin may be divided into the resident 
flora and the transient flora. The resident flora consists of bacteria ih^ 
grow in the glands and hair follicles of the skin and it is very difficult 
b) remove entirely. However, it is ccmnposed mainiy id hacmiets 
ooRunensal Argatiiama such as Staph. oBnts and ooryntdiactMia. Smne- 
fl^es it inducts Susph. aureus. The transient flora, made up of 
bacteria acquired from the environment, often ronttuns potential 
pathogens. first step in skin disinfection is ffiorou^vrauk^ and 
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scrubbing in warm water with soap or some other suiAcfr-teasion 
Inducing agent, e.g. a disinfectant cationic detergaat such as cetrimide 
(“Cetavlon”) or benzalkoninm chloride (“Roccal”). A pndoi^d 
general reduction in skin flora can be achieved by the repeated and 
exdusive use of a detergent containing 2 to 3 per cent hexachlorophene. 
After the skin is washed, it may be rinsed in 70 per cent ethanol, which 
dries rapidly and has a transient bactericidal effect. The action of the 
alcohol is slightly improved by the addition of 0*5 per cent chlor* 
hexidine. 

Where strict asepsis is required, as in surgery, it is necessary to wear 
sterile rubber gloves which are impervious to the organisms on the skin 
As there is always a danger of the gloves being perforatjsd during use, it 
is important before donning them to remove as many of the bacteria 
from the hands as possible. This may be done as above. The addition 
of neomycin and bacitracin to the glove powder will reduce substantially 
the number of bacteria deposited inside surgical, glows durii^ use. 
Since the operator’s hands may have to be disinfected ^eatedly it is 
essential that non-irritant agents are employed, but when only a single 
application is required, as in preparing the skin of a patient or animal 
for incision or puncture, stronger disinfectants may be used, e.g. 
tincture of iodine or 5 per cent, phenol solution or a strong solution of 
chloroxylenol (e.g. “Dettol”). Recently, however, it has been shown 
that 0*5 per cent, chlorhexidine in 70 per cent, ethanol is as effective 
a disinfectant as 1 per cent, iodine in alcohol and its use is;free from the 
risks of sensitisation and irritation. For further details see Lowbury 
(1961). 


MAINTENANCE OF STERILITY 

Once articles have been rendered sterile it is essential that they are 
handled and stored in such a way as to prevent recontamination before 
they are used. 

Test Tubes and Flasks . — ^The interiors of test-tubes, flasks, bottles, 
etc., must be carefully protected from bacterial contamination due to 
access of air, dust, etc., before and after the addition of medium and 
during the subsequent cultivation of organisms. This has usually been 
done by means of cotton-wool stoppers. These should be 1^-1 i in- 
long, }-l in. being inserted into the mouth of the tube, etc., and the 
remainder projecting. They should fft firmly, but not so tightly as to 
render their removal difficult 

The stoppers should be made from loi^-fibre cotton-wool which is 
free from short broken fibres and dust. Non-id)sorbent cotton is 
preferable, because, after steaming, plugs tend to reaoain moist, and 
if the medium is to be kept for any lengtii of time and absorbent wool 
is used, moulds will grow through tire stopper and contaminate the 
medium. A sufikient amount of cotton-wool (vide st^a) should be 
forced into the tube with a rod or pair of forc^, but should not be 
twisted in, as creases are formed along tim sides of the g^ass and create 
idiannels for contaminating organisms. 
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Instfiswi of the otihnary roll of cotton^wool being used, It is recom- 
lended th^ the non-al^rbent wool be obtained in the form of a 
)ng thin ribbon known as “rope wool” or “neck wool” of the type 
sea 1^ hairdressers. It is kept in a tin container with a hole in the lid, 
(id the appropriate amount of wool for the stopper is earily obtained 
dthout waste. ’ 

When tubes or flasks have to be stored for some time the stoppers 
r tops of the crates or boxes should be covered with sterile kraft 
aper, kept in place be means of fine string or a rubber band. Sterile 
ubber stoppers may, in some cases, be used instead of cotton-wool, 
laiticularly where the contents of the flask or tube have to be kept a 
onsiderable time, as in the case of immune sera; this also applies to 
essels that have to be transported by post or by messenger. 

Slip-on aluminium caps of various patterns are avaUable for use 
iistead of cotton-wool plugs, for the stoppering of test tubes. They 
lave the advantage of protecting the rim of the tube from airborne dust 
nd their use thus makes unnecessary the conventional “flaming” of 
he mouth of the tube on each occasion of its opraiing. These caps 
hould be used for cultures of delicate organisms that are affected by 
oxic volatile substances liberated from cotton-wool during the process 
)f sterilisation. 

Screto-capped Bottles , — Flasks for storing culture media have now 
)een replaced by screw-capped bottles of 3-, S- and 10-oz. capacity, 
vhile the smaller bottles of |-, and 1-oz. capacity may be employ^ 
instead of test-tubes. 

Petri Dishes . — ^Each individual dish should be wrapped in kraft 
paper before sterilisation, and kept in the paper until used. For a 4-in. 
dish the size of paper should be 12 in. square. The dishes may also 
be sterilised (unwrapped) and kept in cylindrical tinned-copper boxes. 

Pipettes. — 1-ml. and 10-ml. graduated pipettes rixould be wrapped 
m a long strip of kraft paper, which is wound round them in a spiral 
manner before sterilising in the hot-air oven. Bulb pipettes (10 ml., 
SO ml., etc.) are also covered with kraft paper. Under these condirions 
pipettes remain sterile in their wrappers for considerable pemds of 
hme. Alternatively they may be sterilised and stored in suitable 
canisters. 

Capillary pipettes are sterilised in large test-tubes IS in. x 2} in., 
having a gauze or cotton-wool stopper, or in tinned-copper boxes. 
The former method is preferable. Alternatively, 8-in. leng^ of 5-mm. 
glass tubing are plugged with cotton-wool at both eiuis, wrapp^ in 
hatches of a dozen in kiraft paper, sterilised and stored. When capillary 
pipettes are required, the micUtie of foe tubing is heated in a Bturaen or 
blowpipe and pulled out, foe ends of foe two j^pettes being sealed in 

making. 

Ampw^ are sterilised in foe hot-air mva. with foe nedcs sealed, 
>od are kept in metal boxes. If unsealed an^osdes are tned, foeyr 
dmuld be plugged with cott(m.-wo(d before sterinsalkm. 

It must be empluttised foat a writing kraft j^per <a depl^ 
dhckness muslin is effective in exdu^g contaminating bacteria mfy 
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when it is dry. If the wrapped articles are sterilised in an autodave 
instead of a hot-air oven, &ey must be dried before placing on an 
unsterile surface. 

Surgiccd Dressings . — ^The M.R.C. Report (1959) points out that a 
load sterilised in the autoclave may become contaminated during 
removal from the steriliser, in transport or during subsequent storage. 
It is essential that metal dressing drums should have tightly fitting lids 
and a protective lining that will cover the ports inside the drums. 
Wrapped packs on removal from the autoclave should not at once be 
placed on a cold flat surface, since residual moisture will condense on 
this, make damp the fabric or paper wrapping, and so permit the entry 
of contaminatir^ bacteria. Alder and Alder (1961)/ measured the re- 
contamination rate of dressings wrapped in different materials. They 
concluded that paper was more efficient than eithen calico or balloon 
cloth and that one layer of any of these materials was better than two 
layers of muslin. Crepe paper is usually preferred to kraft paper 
because it drapes better and it is always advisable to use a double layer 
in case the outer covering becomes tom. As an extra precaution the 
double-wrapped packs may be enclosed in rigid or semi-rigid con- 
tainers such as cardboard cartons. The shelf life after sterilisation of 
dressings packaged in this way is several weeks and this period can be 
prolonged if storage conditions are good. 

Pre-sterilised materials . — Disposable syringes, catheters and needles 
sterilised by gaiiuna radiation are usually marketed in pl^tic envelopes. 
It must be emphasised that a high standard of packaging is necessary if 
such pre-sterilised products are to remain sterile. Particular attention 
must be paid to the sealing of the container. 


CENTRAL STERILE SUPPLY IN HOSPITALS 

The supply of sterile articles from a central source in a hospital 
has evolved in the last few years as a development of central sterile 
syringe services. Central sterile supply departments (CSSD) have 
been widely introduced in the United States and the need for them in 
hospitals in Great Britain is apparent when current sterilising practice 
is critically examined (Nuffield Provincial Hospitals Trust Report, 
1958). 

The advantages of Central Sterile Supply are many. These depart- 
ments should be expertly supervised by a specially trained senior mem- 
ber of the nursing staff or a pharmacist who is responsible to a special 
medk^ committee and they should be staffed by technicians and 
orderiies familiar with modem sterilising methods. This frees nurses 
from routine repetitive tasks such as cleanii^ syrringes, making avrabs 
and packii^ dressing dmms and allows them to spend more time 
looking after their patients. Also, b^use of the centrahsation, expensive 
automatically controlled equipment can be used intell^entiy 
economically to ensure the efficiency of sterilising procedures. A 
hospital requires a much smaller number of autoclaves when tiie.gr®®* 
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jotential ou^t of a high pre-vacuum sterUker (about 3 10'5 times that 
}f a gravity dispbuxment instrument of the same cubic capacity) can 
36 ftiuy utilised. No sterilisation is done in wards or departments and 
heatres sterilise only their own bowls and instruments. As a result 
space is vacated and the old sterilising rooms can become much-needed 
dressing rooms or isolation cubicles. The CSSD ptoses a number 
sf different dressing and instrument packs and the contents df each pack 
should be used at the time it is opened. This diminates bulk packs 
which are entered on a number of occasions and so increases the 
safety of many ward and theatre procedures. 

A hospitid may have its own CSSD or a number of hospitals in 
a given area may be supplied from one department Sterilisation is 
effected by heat and the basic equipment is hot air ovens (perhaps a 
conveyor-belt oven) and autoclaves (probably of high pre-vacuum type). 
Apparatus for sterilisation by gamma radiation is too expensive for a 
CSSD but it may be an economy to issue comercially prepared dis- 
posable articles such as needles and syringes which have l^n sterilised 
in this way. The CSSD is organised in three separate sections, 
“dirty”, "clean” and “sterile”. Apparatus and materials returned dirty 
which have to be used again, such as syringes and rubber gloves, are 
first of all cleaned. These pass to the next section along with freshly 
laundered fabrics where packing of all clean materials is carried out. 
Sterilisation is the third phase followed by careful storage of the sterile 
materials prior to distribution. For further details see Griffin et d. 
(1962) and Welch (1961). 


PREPARATION OF BACTERIAL VACCINES 

The method to be described refers mainly to the prq>aration (ff 
vaccines on a snudl scale, such as autogenous vaccines— i.e. consisting 
of the organism or organisms isolated from a particular pati^t and 
used for the treatment of the case. Therapeutic vaccines are now 
little used and have been superseded by chonotherapeutic and anti> 
biotic substances in the treatment of bacterial infections. 

In preparing stock bacterial vaccines for prophylactic use, e.g. 
typhoid-paratyphoid (TAB) vaccine, it k essentud that the strtuns 
used should be carefully selected, as pathogenic bacteria when main- 
tained in laboratory culture for any lei^th of time may undergo variation 
in antigenic characters and so lose their specific immimking pn^Mirties. 

The organkm must be isolated in pure culture, and th^ several 
cultures are made on appropriate solid medium so as to yidd suffidiMit 
growth after twenty-four to forty-dght hours’ incubation, according 
to the amount of vaodne to be prepared and tite abunduice of the 
gtowffi on the particular mediam. Ihe growth k enuikified in stexie 
^^e solution (0*85 per cent sodium cldoride) so as to form a fskly 
^onse stMpension. Thk diould be free from fragments of meffium; 

present, ih^ can be lemoved by centrifuging the suspentitm. for 
^ or three minutes or by aMowing to sedonoot ly mtd 
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then decanting the supernatant fluid. The bacterial suspensbn must 
be rendered as uniform as possible by shaking in a tube or bottle with 
glass beads, A fecial shaking machine is generally used for tbs 
purpose. AU mampulations involved in preparit^ the suspension must 
be carried out teith strict precautions to avoid contandnation. 

Standardisation 

It is necessary at this stage to estimate the approximate number of 
bacteria per ml. of the suspension. Various methods are available for 
this purpose; the turbidity of the suspension may be compared with 
standard opacity tubes or the bacteria themselves imy be counted in 
a haemocytometer. 

Sterilisation of the Bacterial Suspension \ 

The suspension is sterilised at relatively low tetnperatures, e.g. 
60° C. for 1 hr. in a waterbath. 

The vaccine bath consists of a copper container soWetimes lagged 
with linoleum or other non-conducting material and is heated either 
by gas or electricity. The bath is fitted with a suitable removable 
rack for holding the tubes, while the lid has a hole into which a thermo- 
meter is placed. The bath is maintained at a constant temperature, 
usually 60° C., by means of a thermostatic control, which is either a 
“capsule”, similar to that in an incubator, or a bin^etallic device. 
When the temperature rises above the desired level, the thermostatic 
control diminishes the gas supply or cuts off the electricity. When the 
temperature falls the heating is resumed. By means of an adjusting 
screw, the temperature can be regulated to ± 1° C. of that required. 
All waterbaths should be inspected at weekly intervals and any loss of 
water, due to evaporation, etc., restored. To ascertain whether the 
organisms have been killed, several loopfuls are transferred to a tube 
of suitable medium and incubated for 48 hr. (For further sterility tests, 
vide it^a.) 

Preparation of the Vaccine for Administration 

Any series of doses consisting of a certain number of organisms 
(computed in millions) can be prepared in volumes of 1 ml. by making 
appropriate dilutions in carbol-saline (0*85 per cent, sodium <Moride+ 
0*5 pet cent, phenol) from the miginal standardised sumension. 
Graduated pipettes, as used in serological work, are empbye<i for the 
purpose. The dilutiotrs are made in sterile tubes and eadi dose is 
traimerred to a sterile vaccine ampoule which is then sealed. 

The most convenknt method of supplying the vaccine for actual use 
is to prepare, from the stock suspensicm, concentrations of 50, 100, 5W 
or 1000 mfUion organisms per nd. (aixording to the doses requited) b 
quantifies of 20 i^. The dilutions are placed in 2S-ml. 'Vaccine 
Battles*’ witii special tg^itly fittu^ thick rubber caps which are covered 
wi^ a htycr paraffin wax, or in l«oz. bottles witii perforated saew- 
ciqis, hke that m tire blood-culture bottie, and cova^ with a idskap 
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before issue. The required dose <m be obhuned by puactuiug die 
cap widi the hypodermic syringe, and withdra'viring the appropriate 
amount. 

When a vaccine representing more than one type of organism is 
required, e.g. from mixed infections, pure cultures of each o^anian 
must be obtained and separate stan^rdked suspoisions prqiared. 
Appropriate concentrations of each are then combined in ^e final 
preparation. 

In preparing dilutions from the stock vaccine all manipulations, etc., 
must be carried out with strict precautions to prevent contamination. 
Pipettes, tubes, ampoules, bottles, caps, etc., must be absolutely sterile. 

Before supplying the diluted vaccine it is essentid to carry out 
further sterility tests with the contents of two of the ampoules, or 2-ml. 
withdrawn from the bottled vaccine with a syringe. One-half of this 
sample is tested for aerobic organisms and one-^ for anaerobes by 
appropriate cultural methods. 

Earlier regulations under the Therapeutic Substances Act applicable 
to the manufacture for sale of various ^erapeutic substances Imd down 
the following sterility tests which may be adopted in the case of bacterial 
vaccines preserved with a phenolic antiseptic: — 

'The tests skaU be made on fluid media, the quantity of medium contcdned 
in each tube or other vessel used in the test being such as to secure 
that any phenolic antiseptic present in the sample is diluted to less 
than 0*01 per cent. In the case of a test for aercbic organisms the 
medium shall consist either of a meat extract vntk the addition of 
1 per cent, of p^tone, or of such an equivalent as can be pr^ar^ 
by the tryptic digestion of muscle. After the final sterilisation the 
hydrogen-ion concentration of the medium shall be between the 
limits represented by pH =7‘2 and pH=7'%. In the case of a test 
for anaerobic organisms the medium shall consist of a nuirmt broth 
similar to that used in testing for aerobic organisms, with the addstien 
of heat-coagulated muscle of an amount sifflcient to oanpy a de^ 
of not less than 1 centimetre at bottom of the tsAe. After the^. 
fisuil sterilisation the hydrogen-ion concentration of the medium 
shall be between the limits represented by pH-7‘2 and pH«7‘8. 
Btfme the test inoculation the medium shall be heated to 100° C. 
for a pariod sufficient to free it completefy from Msmhed ox^m, 
and then cooled to 37° C. or lower. The mcukted tidies dull be 
incubated at 37° C. for five days . . . .” 

If a vaccine has been prepare &om an otganiam whidh does not 
grow reatUly in ordinary medte, a simiiar test must be aurted (mt wtdi 
media specially suitable for die i^wth of the particular oigamsm^ or the 
Vaccine may be tested by injectitm of an anim of a ^edes known to 
1^ susceptible to infection by tiud mganism. 

For deta& of the present requiitemaits in the t^Ucation dF ste^ill^ 
>ts to therapeutic wtbstanoes and the metiioda to be used, refemifie 
l^ould ho made to the latest Tfaenqieutic Substances Reguh^boa. 
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ISSTING OF SlJItGICAL CATGUT FOR SlllULIlT 

The following method was prescribed in the earlier Therapeutic 
Substances Regulations (Therapeutic Substances Act) and has been 
esctensively used. 

. . The sample shall, when practicable, be the contents of at least 
one whole container or packet . . . 

(a) the container or packet shall be opened and the sample removed 
with aseptic precautions; 

(i) after all the adherent fluid has been drained off as completely as 
possible, the sample shall be placed entire in a test-tube at least 3 ’5 cm. 
in diameter and 17*5 cm. in length and containing 50 ml. of sterile 
distilled water. This tube shall then be closed by some method whicn 
will preclude the access of bacteria, and be placed in an incubator at 
37° C. for 24 hr.; ' \ 

(c) after this incubation, the sample shall be aseptically transferred 
to a similar tube containing a solution of 1 per cent, of sodium thio- 
sulphate and 1 per cent, of crystallised sodium carbonate in distilled 
water, the tube and solution having been previously sterilised in the 
autoclave. In this solution the sample shall again be incubated for 
24 hr. at 37° C.; 

(d) after the second incubation the sample shall again be removed 
aseptically and, without further washing, shall be examined for the 
presence of living bacteria and their spores. 

The sterility tests shall be carried out ... by placing the sample 
in a tube at least 3*5 cm. in diameter and 17*5 cm. in leng^, containing 
not Item than 50 ml. of a culture medium prepared by dissolving 0*2 per 
cent. . prepared agar-agar in a nutrient bacteriological broth . . . the 
brodi may preferably be made by the digestion of meat with trypsin 
(Dou^aa’s broth or Hartley’s modification thereof) . . . the mixture 
bring Sterilised in the autoclave; . . . 

(«) The tubes of culture medium containing the sample shall be 
incul^ted at 37° C. for twelve days and examined daily for the growth 
of bacteria; 

(/) if no such growth is detected during this period, the batch from 
which the sample was drawn shall be treated as free from living bacteria 
and their spores, and as havii^ passed the test; . . .” 

An alternative culture medium which has been used is the cooked- 
meat medium with 30 ml. of broth added to each tube (these being 
6x1 in.). Before transferring the cateut to the medium from the 
riuosulphate solution it is placed in a tube of sterile distilled water for 
a few hours. Meat medium has been found to be particularly valuable 
for obtaming growths of sporing anaerobic bacilli from catgut, and also 
serves very well for the detection of other organisms that may occur 
as contaminants in ca^t. 

It should be emphasised that in all the manipulations of the ca^t^t 
sample in the above specified processes, out is required to esifh«de 
extraneous contamination and it is advisable to cany out these mani^* 
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Istions under an inoculating hood, or with tiie aid of a similar apparatus, 
to prevent aerial contamination. 

For detaib of present requirements in the application of sterility 
tests to Surgical Catgut reference should be made to &e latest Thera- 
peutic Substances Regulations ( 1957 ). 
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CHAPTER 47 

CULTIVATION OF MICROORGANISMS 
CULTURE MEDIA 


Only in exceptional cases can the identity of a microorganism be 
established by its morphological characters. It is therefore essential to 
obtain a culture by growing the organism in an artificial culture medium, 
and if more than one species or type of organism are present, each 
requires to be carefully separated or isolated in pure culture. In this 
process there are three distinct operations : j 

(i) The preparation of a suitable culture medium. I 

(ii) The initial removal of other organisms from the medium and ^ 
containers by sterilisation. Bacteria are ubiquitous and are present ^ 
the mat erial and on the articles used for making media. These coi^ 
tamiTiating organisms must be destroyed or removed so that the culture 
medium is rendered sterile. 

(iii) The cultivation of the organism and its isolation from others 
present in the material to be examined. Techniques for the separation 
of mixed cultures are described in the next chapter and the general 
subject of bacterial nutrition and conditions for growth has been dealt 
with in Chapter 3. 


UQUm AND SOLID MEDIA 

There are two broad groups of media, liquid and solid. Many liquid 
media containing different nutrients have been devised and most bac- 
teria will grow in at least one of them. However, liquid media have two 
disadvantages. Growths usually do not exhibit specially characteristic 
appearances in them and, except when they are designed for a particular 
biochemical test, they are of only limited use in identifying species. 
Also, organisms cannot be separated with certainty from mixtures by 
growth in liquid media. If Uquid media are made solid (gelatinous) 
these disadvantages are overcome. On solid media the appearances ex- 
hibited by the colonies of different bacteria are useful in identification; 
and solid media are almost indispensable for the isolation of pure 
cultures. It is only occasionally that organisms can be grown directly 
from the body in pure culture so that solid media are almost always 
needed for the examination of pathological specimens. 

Gelatin was used by the early bacteriologists to make the first solid 
media ; pieces of potato impregnated with nutrient solutions can be used 
as solid media; serum or egg can be coagulated by heating in an in- 
q>issator to m^e media solid; but agar is most commonly rised for this 
purpose. 

A^-agar, or “s^” for short, is derived from certain seaweeds. In 
vratay solutions it gives a firm gel that remains unmelted at all incuba* 
tion temperatures and that is generally bacteriologically inert, being 
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decomposed or liquefied only by ai few varieties of marine bacteria. In 
these respects it is more suitable than gelatin; a 15 per cent, solution' of 
gelatin melts at 24® C. and gelatin is decomposed by many proteolytk: 
bacteria. Agar does not add to the nutritive properties of a medium and 
a suitable agar should be free from growth-promotii^ as well as growth- 
inhibiting substances. 

The melting and solidifying points of agar solutions are not die same. 
At the concentrations normally used, most bacteriological agars melt at 
about 95° C. and solidify only when cooled to about 42° C. The abUity 
of agar to be melted is an advantage compared with the inability of 
serum or e^ to be melted, and the low solidifying point of agar allows 
heat-sensitive nutrients to be added to it in the molten state at tempera- 
tures as low as 45° C. 


CONTAINERS FOR MEDIA AND CULTURES 

Flasks stoppered with cotton-wool, test-tubes stoppered with cotton- 
wool or with slip-on metal caps, and screw-capped bottles of different 
capacity and shape can be used as containers for media and cultures. 
Metal caps are satisfactory provided the medium is stored not longer 
than a few weeks and they are economical because they can be used 
repeatedly. Cotton-wool plugs must be discarded after each use but 
they have the advantage that medium can be stored longer. Air passing 
into the tubes as a result of changes in temperature or pressure, as when 
cultures are incubated anaerobically, is filtered through the wool; such 
protection is not provided by metal caps. Screw-capped bottles arc air- 
tight and thus do not allow their contents to dry out during storage. 
Media in bottles need not be stored in a cold room and can be kept 
almost indefinitely. Bottles are particularly valuable in large laboratories 
where culture media are prepared in quantity for distribution. 

Screw-capped bottles are made of clear white flint glass, the neck 
having an external screw thread. The caps are made of aluminium and 
each has a rubber washer 3 nun. thick, of special rubber that is not 
inhibitory to bacterial growth. A list of bottles that a)vers practically all 
needs is given. With the exception of the 2-oz. squat bo^e, these are 
made by United Glass, Ltd., and may be bought only from retailers. 
The 4-oz. is the standard blood culture bottle and perforated caps may 
be obtained for these. The 2-oz. squat is suitable for specimens of 
sputum. The 40- and 20-oz. rounds are also used for intravenous 
solutions such as saline and glucose saline. 

Glassware must be thoroughly cleaned before use for culture media 
and new glassware requires special treatment to remove free alkali (page 
860). Most of the bottles listed are supplied cleaned and wariied by a 
social process. The rubber washaa have been well boiled and die caps 
already fitted. No further trratment is necessary before are use^ 
Tlus saving of rime is of especud value where larj^ quanriries oirittne 
media produced. The cardboard rortons in whi^ the botriea 
supplied keep riunm dean during ston^, driier empfy or rontaii^ 
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medium, and are useful for dispatching medium. When bottles are 
cleaned for re>use the old caps and washers should be discarded and 
replaced with new caps and washers. If undamaged caps are to be re- 
used they should be thorou^y washed and dried, care being taken to 
see that ^ere is no moisture between the washer and the cap, since this 
can interfere with sterilisation. 

Copper salts are inimical to the growth of many organisms and copper 
utensils should not be used for the preparation of media. Heavily 
tinned copper articles are safe to use, but if the tinning shows signs of 
wear the article must be re-tinned. 


Bottle 

Capacity 
in ml. 

Cap 

Washer ^ 

1 gallon, narrow mouth . 


Special, to fit 


“Compo” cori 


and “resistor’ \ 

80 oz. round . 


KN 31 

\ 

\ 

40 oz. round . 


KN31 

\ 

20 oz. round . 


KN31 



10 oz. round . 


KN350 



5 oz. round 

1 oz. round (H 53), 


KN350 



McCartney . 

28 

KN 135 



i oz. round , 

15 

KN 132 


> Rubber 

1 02 . round, bijou . 

6 

KN 132 


1 oz. Universal container . 

28 

KN86 



8 oz. medical flat . 

236 

KN350 



6 oz. medical flat 


KN349 



4 oz. medical flat 

125 

KN349 



3 oz. medical flat 

85 

KN359 



2 oz. medical flat 

60 

KN359 



1 oz. medical flat 

33 

KN347 

1 


2 oz. squat (J 1/2)^ . 

65 

2 in. 

Cardboard or 




rubber 


* The 2-oz. squat bottle, and a range of squat forms from 1-16 oz. capacity with 
aluminium screw-caps, are obtainable from Solmedia Ltd., 31, Orford Road, London, 


FORMS IN WHICH LIQUID AND SOLID MEDIA 
ARE USED 

Tubiiig ai^ botdii^ of liquid media 

Liquid media may be distributed in test-tubes with slip-on metal caps 
or cotton-wool plugs, the tubes being about half filled. If bottles are to 
be usec^ broth or peptone water in 2*5 ml. amounts and femumtation 
n^ia in 3 ml. amounts may be distributed in bijmi bottles. Media 
required in 5 or 10 ml. amounts may be put in 1-oz. bottles and 50 to 
100 mL amounts of media in 3- or 5-oz. bottles. It is convenient to aitore 
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liquid media in 250 ml. amounts in 10-oz. bottles but larg^ amoimts in 
latter bottles may be desired. 

Tubing, bottling and pouring plates of solid media 

Solid media may be distributed in test-tubes with slip-on metal caps 
or cotton-wool plugs. The shape in which the medium is allowed to 
solidify depends on the method of inoculation for which 
it is to be used. The commonest shape is the '‘slope” or 
“slant”, which provides a large surface area of medium 
for inoculation. For 6x| in. test-tubes, 5 ml. of 
medium is sufficient and it is allowed to set at such an 
angle that there is a thick butt at the bottom (Fig. 52). 

When a large number of tubes of agar have to be sloped, 
special trays that allow the tubes to be laid at the correct 
angle are usd^ul and, moreover, the tubes can be stacked 
one upon another so that very little bench space is 
required during solidification. After cooling, fresh agar 
slopes contain “water of condensation” at the foot of the 
tube, and the tubes should be stored and handled in the 
vertical position to prevent the liquid from flowing over 
the surface of the medium or entering the cotton-wool 
plug or metal cap. 

If the medium is to be used for a “stab” or “shake” 
culture the test-tube is half filled with the medium, 
which is allowed to solidify in the upright position. Fio- 52 
The most frequent use of media solidified with gelatin Slope of eoUd 
is as a stab culture. 

Screw-capped bottles can be substituted for test- wool plug may be 
tubes. The amounts of medium for slopes in 1-oz. and wedinateadofibe 
bijou bottles are 5 ml. and 2*5 ml. respectively. The ^iir^Satedh^** 
medium may be allowed to set at an angle to form a 
butt as in test-tubes, but it is easier to inoculate with a loop if it is 
parallel to the side of the bottle (Fig. 53). For stab or shake cultures 
1-oz. bottles are half-filled with medium. 

Agar media stored in 4-, 6- or 8-oz. medical flat bottles 
melt much more quickly than agar in 3-, 5- or 10-oz. 
round bottles. 

Where a large surface is necessary as in the separation 
of organisms from mixtures the medium is allowed to 
solidify in the form of a thin layer in a Petri dish. 

Solid media in Petri dishes are often called “plates”. 

For a dish of 3| in. (88 mm.) diameter, 14 ml. of medium 
is usually ample and it is convenient to store 100 ml. 
amounts in 4- or 5-oz. screw-capped bottles, sufikient 
for seven plates. The mdted medium is poured into 
the dishes on a flat surface and the didies arc left un- 
diMurbed until the nmdium has set In separati^ capped bo^~ 
organistbs Stqpx mixed oilbires by platiim, it is essemid 
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that the sur&ce of the medium shotdd be dry« When plates have been 
poured, the steam from the hot liquid condenses on the surface of the 
medium and this moisture is undesirable. It is removed by drying the 
poured and set plates in a warming or drying cabinet at 37° C. for 1 hr., 
or at 65° C. for IS to 30 min., depending on the medium. Suitable 
cabinets are available from manufacturers of food catering equipment. 
A bacteriological incubator may be used, but this is less efficient since 
it is not provided with a means of escape for the moist air. The lid of 
the dish is first laid down; the portion containing the medium is then 
inverted, so that the surface of the medium is downwards and placed 
in the incubator with the free edge resting on the lid (Fig, 54). If 
care is taken to avoid disturbing dust, there is very little risk | of 
contamination of the medium by air organisms. 



Fig. 54 

The drying of ui agar plate before inoculation. 


DISTRIBUTION OF MEDU INTO TUBES, BOTTLES 
AND PLATES 

Tubing and bottling of media without sterile precautions 

All media are distributed as liquids, gelatin and agar media being 
melted, and serum and egg media being distributed before they are 
solidified by heat. For safety it is usual to cool melted agar media to 
55° C. before distribution. 

Most media are tubed or bottled without sterile precautions being 
taken. Clean but unsterile glassware is used, and the medium and con* 
tainer together are subsequently sterilised by heat. A suitable apparatus 
is a 6-in. glass funnel, fixed in a burette stand, with a short length of 
rubber tubing and a glass delivery nozzle fitted to the stem and con- 
trolled by a pinchcock. 

However, an automatic filler devised by T. H. Ayling and supplied by 
R. B. Turner & Co., London, can be recommended. It consists of a 
glass funnel 7 in. in diameter, connected with rubber tubing to a metal 
3-way stopcock which in turn is connected to an all-glass syringe of 15 
ml. capacity (Fig. 55). The syringe is of the three-piece type, but 
without the nozzle, and the plunger is hollow, as the head of liquid will 
not lift a solid glass piston. The barrel is graduated to 15 ml. by 0*5 ml., 
and the numbers are so engraved as to be readable when the syringe is 
vertical. The syringe is connected to the stopcock by means of a metal 
screw fitting. A clamp secures the lower end of the syringe. The 
amount of fluid deliv^ed is determined by the adjustable sc^ew. The 
action of the filler is simple. The head of medium in the funnel forces 
up the plunger until it is stopped by the adjustable screw. The todle 
of the stopcock is then turned and the syringe empties itself under the 



distribution of MB0IA 727 

wdght ^ the plunger. ^ bubbles in the syringe are removed by first 
tiinef empQ^g and filling the syringe two or tih«e 

^ correct mount If a 

smro^y wor^ synnge is used, very little head of pressure is 

Sreater than 18 inches,*^ Once set, 
° “much greater than that of an ordinary 

T® 4 *® 8mat rapidity. It worics eqmlk 

rSlaW? " ®®^?“’ provided that frrah hot suppliw m 

jSSe’ stopcock are washed out iinniediately 



Automatic filler for dispeusing media 
without sterile precautiom. 

An elertrically driven automatic dispenser designed by Struer can be 

Cambridge. With it nfcasured 
olumM from 0-2 to 20 ml. can be delivo^ at any chosm Wte, w 
mchvidually at the toudi of a foot pedal, and media may be disoeoaed 
under Bterde conditions. 


Pouidiig of plates, and tubing and 

■tedla preonitiiMai 

Hstea are ^waya pouted trith sterile ptecautions. msdte # 
prepared sterile and ta poured into sterim Petri diriiea. 
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taken to avoid contamination from the air durii^ pouring. It is 
desirable to pour plates on a bench in a small rocun free from draughts 
and preferably with ultraviolet radiation to reduce the number of 
bacteria in the air. Alternatively, an inoculation hood or cabinet, as 
described on p. 794 may be used. To reduce water of condensation on 
the Petri dish lids, the medium should be cooled to 52° C. before 
pouring. 

Sterile precautions for tubing and bottling media are necessary if an 
ingredient of the medium is heat-labile, for example, certain sugars used 
in fermentation test media (see p. 811). The ingredients that are stable 
to heat are prepared and sterilised, the unstable ingredient (previously 
sterilised in a suitable way) is added with sterile precautions andjthe 
medium is distributed with sterile precautions into sterile containers. 
An apparatus (Fig. 56) suitable for distributing medium with st^ile 



Fig. 56 

Apparatus for diapenaing media 
with sterile precautions. 


precautions is a hooded tube attached by means of rubber tubing and a 
pinchcock to a funnel covered with a large Petri dish lid. TTie whole 
appuatus is wrapped in paper and sterilised. The Petri dish lid protects 
sterile medium in the funnel and the hood protects the medium as it is 
distributed to sterile tubes or bottles. 

_ Alternatively the heat-stable part of the medium may be distributed 
^ dean glateware without sterile precautions and Aen be sterilised. 
The Sterile unstable ingredient, for example, a sugar, can later be added 
from a sterile graduated pipette or an apparatus incoroorating a filter, a 
aiHum and a hooded pipette (Fig. 57). 
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Apparatus for dispensing snudl quantities of sterile 
ingredients 

A special stainless-steel metal fitting is adapted to a 10-oz. bottle widi 
a screw neck. It consists of a straight piece of tube (A), widi a curved 
side-arm (B) ; around this is a slightly wider tube (C), widi a side-arm 



Fio. 57 

Apparatus for addit^ small quantities of 
sterile ingredients to media. 


(D), fitted to a screw-cap (E) which screws on to the botite, a rubber 
washer (F) ensuring an air-t^t joint. To the upper end of tube A is 
connected a Sdtz Ster by means of a shmt piece of pressing tubing 
furnished with a screw-da^, and attadied to4« lower mid by meanaitf 
a short piece of rubber tubii^ is a ^iass tu^ 5 nmi. in tiy«inieter» 
r^dting to the botorni of the bottle. To ^ side-arm B » oimiieded a 
piece of rubber tubing furnished at the odim «ad uddbt a ph^bdOcA oid 
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hooded pipette. The hooded pipette is closed with a cotton-wool stoppor 
cn*>taim>g a small glass test-tube to cover the delivery tube. The side- 
arm D is connected with pressure tubing to a cotton-wool air filter, tiie 
otiier end of which is to be attached to a filter pump. The joints are 
bound with tinned copper wire and the whole apparatus, as figured, is 
wrapped in kraft paper. If silicone rubber is used for all the fittings it 
can be sterilised in the hot air oven. Otherwise it must be autoclaved 
with a little water (a few drops) in the bottle to provide steam to drive 
out air from the interior. 

The unstable ingredient is sterilised by Seitz filtration and, before the 
pressure is released, the tubing to the filter is closed with the screw- 
clamp. The filter is then removed and the end of the rubber tubing 
plugged with a piece of glass rod. The filter pump is now disconnected ; 
the air pressure forces the solution down the siphon tube as far as\the 
pinchcock so that the siphon is in operation as soon as the pinchcocK is 
opened. Alternatively, air may be forced through the cotton-wool filter 
on D by means of a rubber blowball to start the siphon action. In i 
the neck of the bottle is held by a clamp at the top of a tall retort stan): 
The stem of the hooded pipette is held below the bottle by means of 
another clamp, at a height convenient for placing a test-tube (or bottle) 
under it to receive the sterile solution. The cotton-wool stopper is 
removed and the inside of the pipette fiamed. After use, the stopper is 
replaced and the hooded pipette fastened to the neck of the bottle with a 
piece of copper wire. The number of drops per ml. delivered from the 
pipette is determined, so that the amount required is easily estimated. 
Thus, if a pipette delivers 18 drops per ml., then 9 drops (0*5 ml.) of 10 
per cent, sugar solution per tube of 5 ml. peptone water gives a final 
concentration of 1 per cent, sugar. 


ADJUSTMENT OF pH OF CULTURE MEDU 

The pH of a culture medium should always be checked and adjusted 
if necessary, methods being given in Chapter 50. It should be noted 
that the pH always rises as the temperature falls and allowance for this 
rise must be made if the pH is t^ted when the medimn is hot, as is the 
case with agar which must be melted for the adjustment of pH. During 
autoclaving, solutions that have been adjusted to be a little on fixe 
alkaline side of neutrality tend to fall about 0*1 unit. 


STERILISATION OF PREPARED MEDU 

The choice of method to be used to sterilise a mediiun depends on 
whether or not the ingredients are decomposed by heat. If autoclaving 
will not dama^ the medium, it is the best method of sterilisafion, and 
its s^Ucation is discussed in Chapter 46 (p. 703). 

llie 8terili»tion time at a particular temperature is the Mim of fixe 
heat peaxetration time, which is variable, and the holding Mdxiidi is 
constant finr each temperature. The heat poietration time, emx- 
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sequently the sterilisation time, varies greatly with tiie volume (rfmedimn 
and also uith the container. Fta- teat tiihes ftnntainmg 1 f> ml. nf mwdlttm, 
a sterilisation time of 15 min. at 121® C., or 35 min. at 115* C., is 
required. McCartney bottles containing 10 ml. of medium require 20 
min. at 121® C. Larger amounts of medium require longer stailisation 
times and so do small amounts of medium in large containers. Stmlisa- 
tion times at 121® C. given in this chapter are based on the following 
table. Molten agar requires the same sterilisation time as liquid media ; 
but if agar is solid, 5 to 10 min. must be added for melting. 


Volume of medium 

Container 

Flask 

Bottle 

10 ml. 

15 min. 

20 min. 

100 ml. 

20 min. 

25 min. 

500 ml. 

25 min. 

30 min. 

IL 

30 min. 

40 min. 


Sterilisation times at 121° C. 


Tubes and bottles of medium must be put in tiie autoclave so that 
steam has free access to them. Wire aates are suitable holders, but tins 
are unsuitable unless holes have been punched in them. Care must be 
taken that bottles of medium are not packed tightly in a holder, other- 
wise breakages will occur. 

Sometimes lower temperatures, such as 115® C., for times rangii^ 
from 10 to 20 min. are recommended for “sterilisation” of media con- 
taining ingredients that are not very stable to heat. These conditions 
are not strictly reliable for sterilisation and should be used only for 
media distributed in small quantities. They are usually satisfactory 
because it is unlikely that many heat-resistant spores would be present in 
media prepared under clean conditions. 

Steaming at 100® C., either for a long time, e.g, 90 min., on one 
occasion or for shorter times on several occasions, is not a sure way of 
sterilising media. Spores are not necessarily destroyed at 100® C. and 
will not be destroyed by successive heatings at 100° C. unless tl^ are 
incubated in the intervening periods under conditions in which they will 
germinate to yield heat-sensitive vegetative organisms. 

If any of tite ingredients of a medium are liable to be spmled by auto- 
claving, the compile me^um should not be sterilised by heat Inn»di 
cases, it is usual to autoclave the heat-resistant ingredients of the medhun 
ami to add the sterile heat-sensitive ingredients with sterile precautions. 
Some heat-sensitive ingredients such as Mood, serum or egi^yolk can be 
obtained sterile from natural sources. Odiers must be stoitiiied If 
filtration throng a baotmdi fliter (Chajner 46, p. 696), 

Some media that cannot be autodai^ contain in^redieitis that «e. 
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inhibitory to the most probable contaminants. These are 

times prepared without the sterilisation of some ingredien^i reh^i^ 
being placed on the inhibitors to suppress contaminants. The method 
is usually successful but must always be regarded as less than ideal. 


INSPISSATION OF SERUM AND EGG MEDIA 

The serum in Lbffler’s medium and the egg in media such as 
Lowenstein-Jensen medium are usually solidified in an apparatus called 
an inspissator. It consists of a water-jacketed copper box, the tempera- 
ture of which can be regulated automatically. The serum or l egg 
medium is tubed and placed in special racks, so that the tubes are at Ae 
correct angle for forming slopes. The temperature used is between 75“ 
and 85“ C. At this temperatme the protein is completely solidified, put 
the temperature is not so high as to cause bubbles of steam to disrupt me 
surface of the medium. As medium in tubes is apt to dry if kept in me 
inspissator for any time, a small opening should be present in the iniKr 
wall communicating with the top of the water-chamber above the level 
of the water. Water vapour can enter the interior of the inspissator and 
the medium is kept moist. Electric inspissators without a water-jacket 
do not yield such satisfactory media if tubes with cotton-wool stoppers 
are used. 


VARIETIES OF CULTURE MEDIA 

1. Defined synthetic media. Chemically defined media are used for 
various experimental purposes. They are prepared exclusively from 
pure chemical substances and their exact composition is known. The 
ingredients should be of analytical reagent qudity and are dissolved in 
distilled or demineralised water. 

Simpk synthetic media contain a carbon and energy source such as 
glucose or lactic acid; an inorganic source of nitrogen, usually in the 
form of ammonium chloride, phosphate or sulphate; and various in- 
organic salts in a buffered aqueous solution. They provide the basic 
essentials for the growth of many non-parasitic heterotrophs, but they 
will not support growth of most kinds of parasitic bacteria. Complex 
synthetic media incorporate, in addition, certain amino acids, purines, 
pyrimidines and other gro\^ factors. They can therefore be used for 
the growth of more exacting bacteria. 

2. Routine laboratory meMa. The majority of organisms to be studied 
in medical bacteriology are either pathogens or commensals of the 
huntan body, and in order to obtsun suitable growths the artifidal 
cultme medium should provide nutrients and a pH (about 7*2) approx- 
imating to those of the tissues and body fluids. For routine purposes 
many of these requirements are supplied by aqueous extracts of meat 
and the products of digestion of protein. 

Ram/ media such as nutrient broth and pq>tone watmr are siix^le 
routine laboratory media. Enriched metUa are prepared to meet the 
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nutritional requirements of more exacting bacteria by the addition erf 
substances such as blood, serum and e^ to a basal medium, Sdeeiive 
m&Ua contain substances that inhibit or poison all but a few types of 
bacteria. They facilitate the isolation of particular species from a nuxed 
inoculum. If a liquid medium favotirs the multiplication of a particular 
species, either by containing enrichments that selectively favour it ot 
inhibitory substances that suppress competitors, cultures from mixed 
inocula are called enrichment cultures. These cultures fail to in<hcato the 
proportion of the species present in the inoculum. Indicator media in- 
corporate some substance that is changed visibly as a result of the meta- 
bolic activities of particular organisms. Combinations of enriched 
media with selective agents and indicator systems are frequently used in 
the diagnostic laboratory. 


COMMON INGREDIENTS OF CULTURE MEDIA 

Information on the preparation and composition of commercial pro- 
ducts used in culture media is given in a report edited by Sykes (1956). 

Water . — ^Tap water is often suitable for culture media, particularly if 
it has a low mineral content, but if the local supply is found unsuitable, 
glass-distilled or demineralised water must be used iistead. Small 
amounts of copper are highly inhibitory to bacterial growth so that 
copper-distilled water cannot be used for media. Suitable demineral- 
isers are manufactured by the Permutit Co. Ltd., Chiswick, London. 

Agar . — Agar is prepared in several countries from a variety of sea- 
weeds, Gelidium, Eucheuma, Pterocladia and others, the weed being 
dried, extracted by hot-water processes, clarified, dried and finally 
supplied as the dried strands or as a powder. There are consider^le 
differences in the properties of the agars manufactured in different 
places, and even between different batches from the same source. Japa- 
nese and New Zealand agars are the most generally used. Japanese agar 
yields a gel of suitable firmness at a concentration of about 2 per cent., 
and New Zealand agar at about 1*2 per cent The exact concenttation to 
be used may require some adjustment according to the bat^ of agar and 
also accordii^ to the other constituents of tiie medium. In the formulae 
for media given in this book, the amount of agar is stated as for Japanese 
agar powder I if New IjBidctfid ogetr is ustdj ths conount will bB boTBly iuHh 
thirds as much* 

The diief component of agar is a long-chain pol^cchari^ m^y 
composed of d-galactopyranose units. It also contains a vanety of un- 
purities including inorganic salts, a small amount of protein-liM material 
and sometimes traces of long-chain fatty acids which are inmmtory to 

growtii. The niinerals present are mainly inagnesium and talciuin,M^ 

agar is though to exist as the mignesium or ca^um sulphate esters fl* 

the polysto^Aride. , , _ _ 

In ptepaxm agar media, the appropriate amount f ^ pow^ or 
fiibro is added to the liquid medium and disairfved. by |dating the ntixtime 
in a steiuner at 100® C. for I hr. 
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Most agars dissolve to give a clear solutim but aometunes it » 
necessary to filter oflF particulate impunties and, po^bly, «ceM phos- 
phates from the nutrient liquid. The hot agar solution, preferably first 
adjusted to pH 8-0 and held at 100'’ C. for 30 min. to precipitate phos- 
phates, is filtered before it can cool and is re-adjusted to pH 74. For 
smaller amounts a hardened filter paper that is rapid in passing fluid and 
strong when wet, is used. A recommended grade is “Hyduro” 904J, 
supplied by J. Barcham Green, Ltd., Maidstone, England. For larger 
amounts, paper pulp or cellulose wadding enclosed in muslin is better, a 
fresh filter being prepared on each occasion. A suitable paper pulp is 
“White Heather” brand or T. B. Ford’s filter pulp, both of which are 


sold in slabs. A suitable cellulose wadding is “Cellosene” supplied in 
sheet form by Robinson & Sons, Ltd., Chesterfield. A porcelain 
Buchner-type filter funnel with a flat perforated platform about 10 in. in 
diameter is convenient for 5-10 litre quantities. Place two 10 in. dislqs of 
cellulose wadding, one on top of the other, on a 24-in. square of muslin 
and fold over the excess muslin to enclose them completely. Invert i 
disk-like bundle and press it into position on the platform of the filt^ 


ensuring a good fit at the edges. Pour some hot water through the filter 
and then heat it at 100° C. in the steamer at the same time as the agar 
solution, so that it is hot at the time of its use. Without allowing any 
time for cooling, pour the whole of the hot agar solution quickly through 
the filter without assistance by suction. If a large Buchner funnel is not 
available, quantities up to five litres may be filtered using a 10-in. conical 
glass funnel, the lower third of which is filled with pebbles or glass beads 
to form a supporting platform for the filter material. Paper pulp or 
cellulose wadding wrapped in muslin to form a bundle about 2 in. deep 
is pressed into position on the platform and fitted closely to all sides of 
the filter funnel. Moist pulp may be superimposed to ensure that the 
filter is not leaky. 


A^ can be added to any nutrient liquid medium if the advantages of 
a solid medium are desired. Nutrients that are not damaged by auto- 
claving may be added to the medium before dissolving the agar. Such 
media can be sterilised and allowed to set for storage, being remelted in 
the steamer before use. However, nutrients that are damaged by auto- 
clavug must be prepared sterile, separately from the agar base. The 
sterilised agar base can be melted in the steamer and cooled to about 


45-50° C. before adding any heat-labile ingredients, but once these are 
added the medium must at once be distributed for its final use because it 


cannot 1» remelted without damaging the heat-sensitive ii^edients. 

Agar is hydrolysed to products that do not solidify on cooling if it is 
heated at a low pH. A^ u«ially does not alter the pH of Ae medium to 
which it is added but if it contains free add this must be neufralibed 
before it is autoclaved. For media whose pH is about 5, such as those 
for lactobadlli and fungi, heating should be reduced to a nMntmwtp after 
the agar is iu an add solution. After autoclaving, the medium nuty be 
allowed to solidify in bulk but it should be remdted with as little heating 
as possible and then be wholly distributed iot its final use; it dmuld not 
be partly used, allowed to soUdify and kter heated a tUrd tim#. 
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PepfoM.*— Peptone consists of water-soluble products obtained &om 
lean meat or oAer protein material, such as heart muscle, casein, 
or 80^ flour, by digestion with, mai^y, the proteolytic enzymes, p<q»in, 
trypsin or papain. The important constituents are peptones, proteoses, 
amino adds, a variety of inorganic salts, induding pho^hates, potassium 
and magnesium, and certain accessory growth factors, indudir^ mco- 
tinic add and riboflavin. Peptone is supplied as a golden granular 
powder with a low moisture content, preferably under 5 per cent., and 
usually a slightly add reaction, giving a pH between 5 and 7 in a 1 per 
cent, solution. It is hygroscopic and soon becomes sticky when exposed 
to air; stock bottles should therefore be kept firmly cld^ and wdghing 
of loose powdor rapidly completed. According to the startup materials 
and mode of preparation, the brands of pq>tone supplied by different 
manufacturers show appredable differences in composition and growth- 
promoting properties; moreover, variations may occur between different 
batches of one brand. 

The essential requirements of a good peptone have not yet been fully 
defined, but include the ability to support the growth of moderately 
exacting bacteria from small inocula (e.g. Staph, aureus, Strept.py(^em 
and Sh. dysenteriae type 1), the absence of fermentable carbohydrates, a 
low content of contaminating bacteria and a very low content of copper. 
Apart from the standsud grades of bacteriological peptone, some manu- 
facturers supply special grades of peptone recommended for particular 
purposes, e.g. “Neopeptone”, “Proteose peptone”, mycological peptone, 
etc. 

The analysis of a suitable bacteriological peptone (Oxoid) has been 
supplied by the makers as follows: 


Total nitrogen 

Total proteose nitrogen (sat. ZnS04) 
Primary proteose nitrogen (half-sat. ZnS04) 
Amino add nitrogen (formol titration) 
Tryptophane .... 

Ash 

Chloride 

Phosphate (as PsOs) 

Caldum 

Magnesium 

Copper 

Iron 

Zinc 

Sulphur (total) .... 

Ether-soluble extract 

Nicotinic add .... 

Riboflavin 

Cari}ohydrate (fermentation test) . 

Mmstiire 

pH a 1 per cent solution . . 

(Rctdolaptoductimi test, ^>od teaction) 


14’5 per cent. 

1’9 per cent. 

O' 14 per cent. 

1*7 per cent. 

1*2 per cent 
5-5 per cent 
I'O per cent 
1’3 per cent 
0*13 per cent. 

0*07 per coit 
0*0010 ptx asA. 
0*0075 ^ cent 
0*0025 po: cent 
0*68 per cent 
0*03 per cent 
75 per g. 

K) jag. par g. 
nil 

less than 5 per cent 
5*9 to 6*1 
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, Casein Hydrolysate .- — This consists lai^ely of llie amino acids obtained 
by hydrolysis of die milk protein, “casein”. It also contains phosphate 
and othn salts, and certain growth factors. Hydrolyus is effected either 
with hydrochloric add, when the product is neutralised with sodium 
carbonate and so becomes very rich in sodium chloride, or with a proteo- 
lytic enzyme (trypsin). The add hydrolysate is the poorer nutritionally 
because tryptophane is largely destroyed during the hydrolysis and some 
other aminn acids are reduced in amount; tryptophane must therefore be 
added to the medium to make it suitable for tryptophane-requiring 
bacteria. The more expensive enzymic hydrolysate contains abundant 
tryptophane and the full range of amino acids, and does not require such 
supplementation. Casdn hydrol 3 rsate may be substituted for peptone in 
broth and other media. It is of particular use in experimental! work 
where a nearly defined medium is required, since its composition isWore 
constant and more fully known than ^t of other peptones. Thus ii may 
be added to a minimal synthetic medium to render it suitable for grifwth 
of exacting bacteria. 

Meat Extract. — A. commercially prepared meat extract known as Dab- 
Lemco is used as a substitute for an infusion of fresh meat. Meat 
extract is manufactured by a method derived from that invented by 
Liebig. Finely divided lean beef is held in boiling water for a short time 
while its readily soluble constituents pass into solution and form the 
unconcentrated extract. This is freed of excess fat and then concen- 
trated by evaporation to a dark viscid paste containing 70-80 per centof 
solids. The product contains a wide variety of water-soluble com- 
pounds, including protein degradation products, e.g. gelatin, albumoses, 
peptones, proteoses and amino acids, and other nitrogen compounds 
such as creatine, creatinine, camosine, anserine, purines and glutathione 
(total N about 10 per cent.); it also contains many mineral salts 
(KH 2 P 04 and NaCl most abundantly), accessory growth factors {e.g. 
thiamine, nicotinic acid, riboflavine, pyridoxine, pantothenic acid and 
choline) and certain amounts of carbohydrates. The required quantity 
of the sticky extract is conveniently weighed on a piece of clean paper 
and put with the paper into the water for solution; the paper is sub- 
sequently removed from the broth. 

Yeast Extract . — Commercial yeast extract is prepared from washed 
cells of brewers’ or bakers’ yeast. These are allowed to undergo auto- 
lysis, which is initiated by mild heating {e.g. at 55° C.) or, in some cases, 
are hydrolysed with hydrochloric add or a proteolytic enzyme. After 
removal of the cell walls by filtration or centrifugation, the extract is 
evaporated to a thick dark paste containing about 70 per cent, of solids. 
It contains a wide rat^e of amino adds (amounting to nearly 50 per cent, 
of its mass), growth factors (espedally of the vitamin B group) and in- 
organic salts (particularly potassium and phosphate) ; over 10 per cent, of 
carbohydrates are {U'esent, including glycogen, trdudose and pentoses. 
Yeast extract is us^ mainly as a comprdtensive source tff growth factors 
and may be substituted for meat extract in culture media. 

Blood . — ^Blood for use in media must be collected wi& aseptic pre- 
cautions adequate to exclude bactoial contamination and preserve the 
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blood in its original sterile condition, attempt to sterilise bloo^ by 
heat would lead to disint^ration of the cells, coagulation of c^ and 
senm proteins, and denaturation of the red haemoglobin to brown 
derivativiM. It must be rendered non-coagulatii^ by defibrination or by 
the addition of citrate or oxalate; the former is recommended because 
it involves no additive that might alter the nutritive properties of the 
medium. 

Sterile horse blood can be obtained commercially, d^brinated from 
Evans Medical Supplies Ltd., Liverpool, and oxalated from Burroughs 
Wellcome Ltd. Alternatively blood may be collected from rabbits and 
other laboratory animals, sheep, oxen and horses at the abattoir, or from 
man. 

Small amounts of blood may be obtained from rabbits, up to 20-30 ml. 
fi-om the ear vein and about 50 ml. per kg. body weight by cardiac 
puncture. The procedures for withdrawing blood aseptically in these 
ways are described on p. 1008. The blood should be collected into a 
sterile bottle containing glass beads; as soon as this is half full, it is 
stoppered and shaken for 5 min. to separate the fibrin. 

Very large quantities of sterile blood are obtained from sheep or 
horses. A cannula or wide-bore needle is inserted into the external 
jugular vein. If a sheep is selected, the wool is clipped from the side of 
the neck and the part shaved. Contamination can be minimised by 
placing a bag made of waterproof material over the head of the animal. 
It is l^t to use a cannula connected with rubber tubing to a screw- 
capped bottle containing glass beads or anticoagulant, the whole being 
enclosed in kraft paper and sterilised. The vein may be made prominent 
by pressure on the lower part of the side of the neck. The skin over the 
vein is carefully sterilised with soap and water and then alo>hol. The 
cannula is inserted into the vein and the requisite amount of blood 
removed. Horses are treated similarly except that it is advisable to make 
a small incision with a sharp knife in the skin over the vein. The 
cannula is then more easily introduced. 

For defibrination, a bottle containing glass beads is half filled with the 
blood, stoppered at once and shaken continuously for 5 min. Oxalated 
blood is prepared by bleedii^ the animals into bottles containing 10 ml. 
of a 10 pW cent, solution of neutral potassium oxalate per litre of blood. 

The sterile blood is immediately ^tributed in 5 or 10 ml. amounts in 
sterile. |-oz. screw-capped bottles and stored in the refrigerator. It will 
keep for up to two months. It must not be allowed to freeze or the 
corpuscles may be lysed. 

FiUts' Pt^Hc Digtst cf Blood . — ^Peptic digestion of blood liberates 
nutrients from red ixlls. Fildes’ digest is prepared as fdlows: 

Sodium chloride, NaCl, 0*85 per cent, aqueous ISO ml. 
Hydrodiloric add, HCl, pure . . . 6mL 

Defibriiuted sheep blood . . 50 ml 

Pepsin (B.P. granulated) . . . . 1 g. 

Sodium hydroxide, NaOH, 20 per cent, aqtte(H» About 12 mh 
Chlmxtform . . . > . • 0*5 

3a 
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In a atoppered bottle, mix die saline, add, blood and pepsin. Heat at 
55** C. for 2-24 hr. Add sodium hydroxide until a sample of the mixture 
diluted with water gives a permang^te red colour with aesol red 
indicator. 'Add pure hydrochloric add drop by drop until a sample of 
the mixture shows almost no chan^ of colour wim cresol red but a 
definite red tint with phenol red. It is important to avoid excess of add. 
Add chloroform and shake the mixture vigorously. 

This peptic digest of blood keeps well for months. 

Serum . — Serum for use in media need not be collected with aseptic 
precautions because it can be Seitz-filtered to stoilise it. Sterile horse 
serum can be obtained conunerdally. 

If serum is to be collected without aseptic precautions, ajwide- 
mouthed stoppered bottle is taken to the abattoir at a time when ammals, 
preferably sheep, are being killed. After the neck vessels have\been 
severed, the blood is allowed to flow for a short time and then the sveam 
from the carotid artery is allowed to spurt directly into the bottle, ^^en 
filled, the bottle is stoppered and returned carefully to the laboratory. 
The clot is then separated from the sides of the bottle by means of a stifif 
wire. The blood is kept overnight in the refrigerator and the clear 
serum is then pipetted off. At some abattoirs serum is prepared in bulk 
from blood allowed to coagulate in open trays; this is liable to greater 
bacterial contamination, but may be used when large quantities are 
required. 

Serum may also be prepared from unsterile defibrinated or oxalated 
blood which does not clot on standing. It is stored overnight in the cold 
to allow settling of the corpuscles, and the serum or plasma is siphoned 
off into a Winchester quart bottle. Plasma requires warming to about 
37° C., the addition of 22*5 mi. of a 4 per cent, solution of calcium 
chloride per litre and shaking, preferably on a machine, until the fibrin 
has separated. 

Serum is sterilised by filtration through a Seitz filter using a sterilising 
grade of Ford’s Sterimat asbestos-cellulose disk, and may be stored at 
3-5° C. in tile refrigerator until required for use. It is convenient to 
store serum in a large sterile screw-rapped bottle of 1-5 litres capacity, 
fitted with siphon delivery tube and hooded pipette, as described on 
p. 729. 

Sniall quantities of serum may be prqiared without filtratmn from 
sterile rabbit blood. The blood is collected into a sterile container and 
^owed to clot. Free contraction of the clot is asnsted if the container is 
lined with agar; 10ml. of melted 1*5 percent, agar in physiological saline 
(0*85 per cent. NaCl) is spread inside an 8 x 1 in. boiling tu^ by rotating 
the tube until the agar sets as a thin layer. When the blood is fiilly 
co^lat^ the serum is removed with a sterile pipette. It xcacy require 
centrifiiging to remove any remainii^ red cells. It can bt stmied in 
sterile screw-rapped bottles, preferably fresh but it can be heated at 
56° C. for 1 hr. without being coagulated. 
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FORMULAE FOR THE ntEPARATlON OF CULTURE 

MEDIA 

DEHYDRATED CULTURE MimtA 

Culture media are av^ble in dehydrated form from cnmmtwriiil 
firms. These are especially convenient for small laboratories ^adiere 
facilities for medium making are inadequate. The dehydrated medium 
is dissolved in water according to the directions supplied, and the result- 
ing preparation is tubed or bottled and sterilised in the usual way. 
While such media are satisfactory for most purposes, they are not equal 
in quality to freshly made culture media, particularly those from 
fresh meat 


SYNTHETIC MEDIA 

Minimal Medium of Davis and MingioU and its Variants 

This medium is suitable for growth of a wide variety of bacteria for 
research purposes. 


Basal medium 

Glucose, sterile 10 per cent, solution . . 20 ml. 

Dipotassium hydrogen phosphate, K2HPO4 . • 7 g. 

Potassium dihydrogen phosphate, KHjPO* . 3 g. 

Sodium citrate, Na8C#H507.2H20 . . 0*5 g. 

Magnesium sulphate, MgS04.7H20 . 0*1 g. 

Ammonium sulphate, (NH4)2 SO4 • 1 g. 

Agar, if required 20 g. 

Dist^ed water to 11. 

Trace element solution 

Ferrous sulphate, FeS04.7H20 . 0*5 g. 

Zinc sulphate, ZnS04.7H20 . . 0*5 g. 

Manganese sulphate, MnS04.3H20 .0-5 g. 

Sulphtiric add, H2SO4, 0*1 JV . . 10 

Distilled water 11. 


Since glucose is partly decomposed when autodaved in the presence 
of phdsphate, it is add<^ as a sterile solution after the ronainder of die 
medium has been autoclaved. 

Essentid minerals other than those in the basal medium are likely to 
be present in suffident amounts contaminating agar, watn and odier 
ingredients. If necessaryi 5 ml. of the trace elnnent solution and dso 
1 ml. of a 1 per cent, caldum boride solution may be added per litte of 
medium. 

The large phosphate content is required to buffer die add dot hi 
formed by fermoitation of glucose, the mixture shovm gidi^ a pH of 
7*1. If h is reiptired that the phosphate content of the medium should 
be^ow, a dfram or bicarbonate buf^ may be used. ThusapHtff 7*1 is 
obtained by incorporatibn of 0*3 pw cent, of NaHCOg in die medmm 
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and incubation of the culture in an atmosphere containing 20 per cent. 

substituted for the glucose. The dtratc may be 
omitted. Particular amino adds or ^owth factors may be added, or a 
mixture of the essential amino adds in the form of a yitamm~free casein 
hydrolysate, to give a nearly defined medium. 


NUTRIENT BROTH 

This is the basis of most media used in the study of the common 
pathogenic bacteria. There are three types of nutrient broth; meat in- 
fusion broth consisting of a watery extract of lean meat to which pi sptone 
is added; meat extract broth prepared as a mixture of commercial pep- 
tone and meat extract; and digest broth consisting of a watery extract of 
lean meat that has been digested with a proteolytic enz}ntne sch that 
additional peptone need not be added. \ 


MEAT INFUSION BROTHS 

These are good broths but the amount of peptone in them makes them 
expensive compared with digest broths. 


Standard Meat Infusion Broth 


Lean meat, ox heart or beef 500 g. 

Water ... 11. 

Peptone ... 10 to 20 g. 

Sodium chloride, NaCl 5 g. 


The t 3 rpe of meat used is an important factor in determining the 
quality of the broth. It should be fresh, not frozen. Horse flesh is 
cheap, but is usually not so fresh, and, coming from older animals, is 
more fibrous than beef. In addition it contains a higher percentage of 
fermentable sugar which may make the broth unsuitable for many 
purposes, such as the preparation of toxins. 

Carefully remove all fat from the meat and mince it as finely as 
possible. Add the minced meat to the water and extract for 24 hr. in the 
cold, for example in the refrigerator, then strain through muslin and 
express the meat residue. The extract is bright red and often has a thin 
surface layer of fat which can be removed by skixnming with a piece of 
filter paper. Boil for 15 min. or steam at 100° C. for 2 hr. The extract 
becomes brown and turbid because haemoglobin is altered and soluble 
proteins are coagulated. Filter. If filtration is done when the medium 
is hot, use a hardened filter paper as recommended for agar. Hie 
exuract rfiould be clear and light yellow in colour. Add the peptone and 
salt and dissolve by heat FUter. The reaction of the broth wiB be acid 
because of lactic acid from the meat Adjust to the desired pH, usualfy 
7*5, which will give a final pH of 7*4, distribute to tubes or bottles and 
Utilise by autoclaving at 121° C. for 15 min. 
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Wright’s (1933) Meat Infiisiim Brotib 

This differs from ordinary meat infusion broth in that veal is used and 
the peptone and salt are present when the meat is extracted. A little 
(0*15 per cent.) glucose is added and the medium is espedally good for 
the cultivation of the pneumococcus, although anaerobes sti^ la the 
tetanus bacillus do not grow well in it. 

MEAT EXTRACT BROTHS 

These broths are the easiest and quickest to prepare. They can be 
varied widely but are usually less nutritive than illusion or digest broths. 
They are good for the preservation of stock cultures. 

Standard Meat Extract Broth 


Peptone 

10 g. 

Meat extract (Lab-Lemco) 

10 g. 

Sodium chloride, NaCl 

5 g* 

Water .... 

1 1 . 


Mix the ingredients and dissolve them by heating briefly in the 
steamer. When cool, adjust the pH to 7*5-7*6. A precipitate of phos- 
phates may appear and this may be removed by filtration through filter 
paper. If clarity of the broth is essential, the mixture should be adjusted 
to pH 8*0, heated at 100° C. for 30 min. to precipitate most of the 
phosphates, cooled, filtered and finally adjusted to pH 7*5. Distribute 
in tubes or bottles and sterilise by autoclaving at 121° C. for 15 min. 

The medium should be clear. The presence of a deposit, generaUy of 
phosphates, does not interfere with the nutrient value of the medium, 
but it may hinder the recognition of slight bacterial growth indicated by 
a developing turbidity. 

Modificatioiis of Meat Extract Broth 

The formula for meat extract broth may be varied. With less exacting 
bacteria, 0*5 per cent, of peptone and 0*3 per cent, of meat extract are 
suflicient, and if the peptone is of high quality it may be possible to omit 
the meat extract. Sodium chloride can be omitted without reducing the 
nutritive value of the medium, but then the broth is h 3 rpotonic enough to 
lyse red cells and is unsuitable as a base for blood agar. 

Sometimes meat astract is replaced by yeast extract, or pq)tone is 
replaced by either casein hydrolysate or soya hydrol)raate. 

DIGEST BROTHS 

Digest broths are economical and are good for obtaining 
growths of otganisms. Howevw, cultures tet^ to 

rapidly in tiiem. Tl»e proteolytic enzyme used may be varied. 
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obtained from pancreas, and papain (Asheshov, 1941) obtained from 
paw'paw may be used, attention being paid to the optimum temperature 
and pH for activity of the enzyme. 


Hartley’s Broth 

Trypsin is the proteolytic enzyme used to prepare this medium. 

Pancreatic extract (Cole and Onslow) 

Fresh pig pancreas 500 g. 

Water 1500 ml. 

Absolute alcohol or methylated spirit (see , 

p. 643) 500 ml. f 

Concentrated hydrochloric add, HCl About 2 . 

Remove the fat from the pancreas, mince it and mix it with the Water 
and alcohol. Shake the mixture thoroughly in a large stoppered bottle 
and allow it to stand for three days at room temperature, shaking 
occasionally. Strain through muslin and filter through paper. Measure 
the volume of the filtrate and add O'l per cent, hydrochloric add. This 
causes a cloudy predpitate which settles in a few days and can be 
filtered off, although this is not essential. 

This extract keeps for about two months in stoppered bottles in the 
cold. If used at once there is no need to add acid, whose action is to 
retard the slow deterioration of the trypsin. 


Preparation of complete medium 
Lean meat, ox heart, or beef .... 1500 g. 

Water 2500 ml. 

Sodium carbonate, NajjCOs, 0'8 per cent, solution 2500 ml. 
Pancreatic extract ...... 50 ml. 

Chloroform ....... 50 ml. 

Concentrated hydrochloric add, HCl 40 mb 


Mix the meat and water and heat them in the steam steriliser until a 
temperature of 80° C. is reached. Add the sodium carbonate, cool to 
45° C. and add die pancreatic extract and chloroform. Incubate the 
mixture at 37° C. for 6 hr. or 45° C. for 3 hr., stirring frequently. When 
digestion is complete, add the add, steam at 100° C. for 30 min. and 
filter. The broth is stored in an add condition in one-gallon screw- 
capped bottles with 0-25 per cent, of chloroform«< Shake vigorously and 
frequently in the next two or three days. Store in a cool, dark place. 

For use, adjust to pH 8-0 with normal caustic soda and steam at 
100° C. for 1 hr. to precipitate phosphates. Filter while hot and allow to 
cool. Adjust the reaction to pH 1-6, distribute, and autoclave at 1 15° C. 
for 20 min. 


Horse Flesh Digest Medium 

This medium is a pancreatic digest of horse meat enriched by die 
addition of peptone and sterilised by Sdtz filtration to preserve heat- 
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sensitive substances. It is specially suitable for cultivating haemolytic 
streptococd when an abundwt growth is required. 


Horse flesh 

. 900 g. 

Water 

. 3500 ml. 

Sodium carbonate, NagCOt 

. 12 g. 

Pancreatin 

. 17*5 g. 

Concentrated hydrochloric acid, HCl 

. 20 ml. 

Peptone, high quality 

. . 35 g. 

Calcium chloride, CaCl 2 . 

. 4*4 g. 

Sodium bicarbonate, Na 2 HC 03 

. . 7g. 


Mince the meat and mix it with 1500 ml. of cold water, raising the 
temperature to 80® C. Add the remainder of the cold water and the 
sodium carbonate. Adjust the pH to 8*0, add the pancreatin and k^p 
the mixture at 56® C. for 6 hr. Add the acid, boil at 100® C. for 30 min. 
to arrest digestion and filter. Add the peptone, adjust the pH to 8*0, add 
the calcium chloride, steam and filter when cold. Add the sodium 
bioirbonate and filter through a Seitz filter. 

Store in bottles, first incubated at 37® C. to test for sterility. 


NUTRIENT AGAR 
Standard Nutrient Agar 

Nutrient agar is nutrient broth solidified by the addition of a^. It 
should be noted that nutrient agar is frequently referred to as ‘agar”, 
the context making clear that the agar-broth mixtme is meant and not 
the pure, non-nutritive agar itself. Japanese s^ar yields a gel of suitable 
firmness at a concentration of about 2 per cent, and New Zealand agar at 
about 1*2 per cent. 


Semi-Solid Agar 

For special purposes agar is added to media in concentrations that are 
too low to solidify them. At 0*2-0*5 per cent, it yields a semi-solid 
medium through which motile, but not non-motile, bacteria may sprmd 
(see p. 833). At 0*05-(y*l per cent, it prevents convection currents and 
retards the diffusion of air into media used for anaerobic and micro- 
aerophilic organisms. 


Concentrated Agar 

If agar is added to media in concentrations greater than that necess^ 
for solidification, “spreadii^” bacteria such as Pr. w^oris ^sta Cl. 
tetam will grow as discrete colonies. The necessary concentratton nuttt 
be determined by experiment but 6 per cent, of Japanese ^;ar Rnd! 4 per 
cent of New Zodand agar are usually satisfactory, ^ 

Concentrated agar takes longer to 'dfis8«dyo and to cool and u nKwe 
difficdk toitandle than agtf at ordinary ooncei^Rtions. 
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STANDARD BASAL MEDIUM 
CYLG medium 

In this modification (Marshall and Kelsey, 1960) of the CCY medium 
of Gladstone and Fildes (1940) yeast autolysate and casein digest replace 
the meat extract and peptone of broth. It is a good nutrient medium, 
cheap and easy to prepare, versatile in use and as fully defined as 
possible in terms of known nutritional factors. 


Inorganic salt solution 


Magnesium sulphate, MgS 04 . 7 H 20 

• 4g. 

Manganese sulphate, MnS 04 . 4 H 20 

. 0-4 g. 

Ferrous sulphate, FeS 04 . 7 H 20 . 

• 0-4 g. 

Water ...... 

100 ml. 

Sulphuric acid, 10 AT H 2 SO 4 

2 drops 

Dissolve the salts and acidify them. 


Concentrate far storage 


Casein digest (Oxoid Tryptone) . 

• 10 g. 

Yeast autolysate (Marmite) 

• 5 g. 

Sodium glycerophosphate 

• 10 g. 

Potassium lactate, 50 per cent, w/w 

10 ml. 

Inorganic salt solution 

. 5 ml. 

Water to 

. 100 ml. 


Dissolve the ingredients. Filter. The concentrate can be stored in 
this form at room temperature without autoclaving provided a volatile 
preservative is added; 3-4 ml. per litre of carbon tetrachloride/toluene 
( 1 : 1 , v/v) is recommended. 

Sterile glucose solution 

Glucose . . 20 g. 

Water 100 ml. 

Dissolve and autoclave at 121° C. for 20 min. at a pH not greater 
than 7. Adding a drop of phosphoric acid ensures that the solution is 
not alkaline. 

Double strength agar 

Agar 40 g. 

Water 11 

Dissolve the agar, filter if necessary and distribute 100 ml. amounts in 
200 ml. bottles. Autoclave at 121° C. for 25 min. 

Preparation of complete CYLG liquid medium 

Concentrate 100 ml. 

Water 900 ml. 

Sterile glucose solution 10 ml. 

Dilme the concentrate with water, autoclave it at 121° C. for 30 min. 
and add die glucose with sterile precautions. 
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Preparatim of complete solid medkm 

Concentrate 20 ml. 

Water 80 ml. 

Double strength agar .... 100 ml. 

Sterile glucose solution .... 2 ml. 


Melt the agar, add the concentrate and water, autoclave at 121° C. for 
20 min. and add the glucose with sterile precautions. 

Preparation of su^lemented CYLG media . — ^Additional ingrediente 
such as blood or serum can replace part of the water when the concen- 
trate is diluted. For MacConkey-type media, solutions of ingredients 
such as lactose, bile salts and neutral red replace some of the water, and 
glucose is omitted. 

CARBOHYDRATE-FREE BASAL MEDIUM 
Peptone Water 

This medium is used chiefly as the basis for sugar fermentation 
media (see Chap. 48), since broth may contain a small amount of sugar 
derived from meat and it is essential that the basal medium to which 
various carbohydrates are added for fermentation tests shoiild be free 
from natural sugars. It is also used to test the formation of indole. 


Peptone 

10 g. 

Sodium chloride, NaCl 

5 g. 

Water . 

1 1 . 


Dissolve the ingredients in warm water, adjust the pH to 7-4-7*5 and 
filter. Distribute as required and autoclave at 121° C. for 15 min. 

ENRICHED CULTURE MEDIA FOR GENERAL USE 

Any additional enrichment may be added to nutrient broth or nutrient 
agar. Some of these enriched media are described here. 

Blood Agar and Broth 

Blood agar is widely used in medical bacteriology. It is especially 
suitable for the gonococcus, the haemophilic group of bacteria and other 
delicate pathogens. In ad^tion to being an enriched medium, it is an 
indicator medium showing the haemolytic properties of bacteria such as 
Sirept. pyogenes. It is generally pomed as plates. 

The medium is pr^iared by adding sterile blood to sterUe nutrient 
agar that has been melted and cooled to 55° C. The appropriate amouM 
of blood can be poured from a screw-capped bottle. No pipette is 
necessary as the screw cap keeps the lip of the bottle sterile. 

The cmicentration of blood may be varied ^m 5 per cent, up to 50 
per cent, for spedal purposes. Ten per cent, is the most uwal conitei^ 

tration. Either human or animal Wood may be used. Horse Wood js 

the comnuMiest. 
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A fairly thick layer of medium w requt^ to jwmt acGenive dryinB 

during mcubation and if this 

the milium is almost opaque whtm newcdj^trmmmod Jigbt Jnd 
haemolysis is difficult to 

dMculty. A thin layer of melted nutncm agar, i^nm 7^ for a 4-in. 

pS7b is poured and allowed to set. Thcn asimi&r thmfeyeroflo 

per cent blood agar is poured on top of the first Any bubbles 

^ZeTby the rrSg of the blood and agar can cyx/y be ^ved by 
drawing a Bunsen flame quickly across the surface of the medium in the 

Nutrient broth to which 5 to 10 per cent, of blood has been added with 
sterile precautions is occasionally used as an enriched li<juid n^dium. 


Heated Blood Agar {“Chocolate Agar") 

This medium is suitable for H. influenzae and other organisms duch as 
the pneumococcus. During heating the red cells are ruptured and 
nutrients are liberated. 

It is prepared by heating 10 per cent, of sterile blood in sterile 
nutrient agar. Melt the agar, cool it in a waterbath at 75° C., add the 
blood and allow the medium to remain at 75° C., mixing the blood and 
agar by gentle agitation from time to time until the blood becomes 
chocolate-brown in colour, within about 10 min. Then pour as slopes 
or plates. 

An alternative method of preparing plates of heated blood hgar 
(Naylor, 1961) involves the heating of already poured and set plates of 
ordinary blood agar. The blood agar plates are held in an incubator or 
hot air oven at 55° C. for 1-2 hr. The exact time of heating required for 
“chocolating” depends on the conditions of heating and is determined 
by t^. Colonies of H. influenzae on this medium are larger than on 
medium heated at 75° C. and it is more conveniently prepared. 


Senim Agar and Broth 

Serum agar can be used to grow the more highly exacting pathogens. 
It is gener^y used as slopes. 

It is prepared by adding 10 per cent, of sterile serum to sterile nu^ent 
agar that has been melted and cooled to 55° C. In an emergency, a use- 
ful but less satisfactory serum medium can be made by running a few 
drops of sterile serum over the surface of a nutrient agar slope or plate. 

Serum broth is frequently used for liquid medium cultures of toe 
more lughly exacting pathogens. It is prepared by adding 10 per cent, 
of sterile serum to sterile nutrient broth. 

Sterile hydrocele fluid or ascitic fluid may be used instead of serum. 

Fildes* Agar and Broth 

I’fldes’ peptic digest of blood is added to nutrient broto or i^ar in the 
proportion of 2 to 5 per cent, after heating at 55“ C. for 30 min. to 
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ft «tiniiifatie» the growHi of Bmmtiiibu and 


remove the dJoiofom. 


dQooM Agn and Bvoili 

Glucose added to nutrient medk promotes luxuriant growth oimany 
orgamsms. It also acts as a redudng s^nt, and glucose agar is used for 
deep stab and shake cultures of anaerobes. 

If glucose is added before autoclaving the medium, some darkening of 
it may occur. It is better to prepare a 20 per cent, solution of glucose 
separately, add a drop of phosphoric acid to ensure that the pH is not 
more than 7’0, and autoclave at 1 15° C. for 20 min. The sterile glucose 
can then be added with sterile precautions to the sterile basal medium. 

Concentrations of 0-1, 0'25 and 1*0 per cent, glucose are used. One 
per cent, is the commonest. 


p-Aminobenzotc Acid in Culture Media 

There may be enough sulphonamide in the blood stream of patients 
treated with sulphonamide compounds to prevent the growth of bacteria 
when blood culture is carried out. As the sulphonamide is antagonised 
by p-aminobenzoic acid (p. 890), its addition to the medium will prevent 
the bacteriostatic action of the sulphonamide. It has also been found 
valuable in media for the isolation of pathogenic cocci. Even if no 
sulphonamide has been administered, p-aminobenzoic acid improves the 
nutritive qualities of the medium. 

p-aminobenzoic add is added in the proportion of 5 to 10 mg. per 
100 ml. of medium. It is stable and withstands autoclaving. 


MEDIA FOR THE CULTIVATION OF STAFHYLOCOCa 

Milk Agar 

On this medium (Christie and Keogh, 1940) lai^ charactetisric 
colonies of staphylococci appear within 24 hr. Pigmentation is par> 
ticularly marked and easily recognised against the opaque white back- 
ground; this fadlitates recognition of weakly aureus colonies. 

Fresh milk 100 ml. 

Sterile nutrient agar, containing 3 per cent, agar 200 ml. 

Heat the milk to 60° C., shake it, then sterilise it by autodaving at 
121° C. for 20 min. Repeated sterilisation should be avoided as tiiis 
causes caramelisation with alteration of colour. Suitable sterilised mi& 
may be obtained commercially. 

Melt the agar, cool to 56° C., mix with the milk and pour plates or 
make slopes. 

CRycezoI Mmumeelate Affut 

This medium (Jacobs, Willis ttudGoodburn, 1964)isaadtetmahietd 
inilk agar for tiie ofamination dmical speoumuis; partktiltriy imae 
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gwabs, for st^hylococd. 0 
locoed are always orange, i 
strains are xisually poredain- 
after 48 hours’ incubatioiu 
coarse clumping in the slide 

Heart infusion broth (Bacto) . . . • liDO tnl. 

Glycerol monoacetate (BDH) . . . > l^g. ' 

Agar Zfg. 

Dissolve the agar in the broth by stemning at 100® C- add the 
glyceride and autoclave at 121® C. for 15 min. Cool to 5(l-5a® C., mix 
thoroughly to ensure even distribution of the glyceride and p^r plates 
immediately. 

The use of heart infusion base is essential. Overheatini^ of the 
medium must be avoided; it cannot be allowed to solidify and then be 

remelted. 

Salt Media 

Staphylococci grow in sodium chloride concentrations that are high 
enough to be inhibitory to many other bacteria (Hill & White, 1 929; 
Fairbrother & Southall, 1950). Salt has been used in selective media 
for isolating Staph, aureus when these organisms are likely to be present 
in small numbers, as in faeces. 

Salt Cocked Meat Broth. — This is the most satisfactory salt liquid 
medium. It is less inhibitory to staphylocoed than meat extract or 
digest broth con^ning increased salt and enables very small numbers to 
be detected. It is prepared in the same way as cooked meat broth except 
that 10 per cent, of sodium chloride is added to the peptone infusion 
broth. 

Sait Milk ^gar.— Besides being selective, salt in this medium has been 
regarded as increasing chromogenesis. The medium is prepared in the 
same way as milk agar excepting that 8-10 per cent, of sodium diloride 
is added. 

Salt Glycerol Monoacetate Agar. — For isolating staphylocoed from 
sources such as blankets and dust, 5 per cent, of sodium chloride may be 
added before the glyceride. 

Polymyxin Agar 

Lithium chloride and tellurite (Ludlam, 1949) have been used in a 
^ective medium for Staph, aureus. More recently it has been found 
that coagula^-positive strains of staphylocoed grow well on nutrient 
agar containing concentrations of polymyxin t^t inhibit coagulase- 
n^tive ^aina (Finegold & Sweeney, 1961). Polymyxin also inhibits 
coliform badlli. Growth and pigment production by Staph, aurau are 
optraul after 24 hours’ incubation and at this time growth of other 
organ^ is minimal. Cycloheximide(Actidione), 400^8- per ml., may 
be added to inhibit fungi in cultures from air, dust and clothes. 


n it. 

rdlow or bnf tMMl, imi 
white. ’There laiisin^ 
C^lonkf from aM4^ 

coagulttwteM. 
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If 

Mdt the aiflX, add the polymyxin and autoclave at 121® C. for $0 min. 
Pour platea. 


MEDIA FOR THE CULTIVATION OF STREPT. PYOGENES 


The addition of a low concentration (1 in 500,000, i.e. 0-0002 per 
cent.) of crystal violet to blood agar inhibits the growth of some bacteria, 
notably staphylococci, while allowing the growth of Strept. pyo^nes. 
Crystal violet blood agar is therefore a selective medium for Strept. 
pyogenes. 


Sterile nutrient agar 90 ml. 

Sterile horse blood 10 ml. 

Crystal violet, 1 in 1000 aqueous solution . 0-2 ml. 


Melt the agar, cool to 50® C., add the blood and crystal violet and pour 
plates. 


Todd-Hewitt Meat Infusion Broth 

This glucose broth is used for typing Strept. pyogenes (Diagnostic 
Procedures and Reagents, 1950). The pH of the medium is high (7*8) 
and it contains 0-2 per cent, glucose. 


MEDIA FOR THE CULTIVATION OF CORTNEBAC1ERIA 
Hoyle’s Medium 

This medium (Hoyle, 1941) is satisfactory for routine examimtion 
throat swabs for the diphtheria bacillus. Type differentiation on 
colonial morphology is not as good as on other media. It is a medium 
for isolation rather than typing of diphtheria bacilli. 


.dgar base 

Meat extract (Lab-Lemco) 10 g. 

Peptone (Difeo proteose, or Evans) . • 10 g- 

So^um chloride, NaCl 5 g. 

Agar 20 g. 

Water 11. 


Dissolve the ingredients and adjust the pH to 7*8. Distribute in 100 
ml. quantities in screw-capped botties and autodave at 121® C. ffx 
25 min. 

Ltdied haese ftlood.—* Sterile h<«se blood may be hked by ft;ee»ng and 
thawing four times and tiien storai in the edd, prefted>ly froeen. 
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It is more simple snd convenient to Iske with sspoiun (Younjjj 2942j. 
Prepare 10 per cent saponin (white) in water and 8tl»^se it in the auto- 
clave at 1 15“ C. for 30 min. Incubate the blood for 15 min., add 0*5 ml 
saponin solution for each 10 ml. blood and invert the bottle gently 
Seva's! times to ensure thorough mixing, avoiding the formation of 
bubbles. Replace the blood in the incubator for a further 15 min. when 
it should have an “inky” black appearance. It will keep for sevo'al 
months in the refrigerator. 

Tellurite solution 

Potassium tellurite, KgTeOs . 0-7 g. 

Water 20 nd. 

Dissolve, autoclave at 115° C. for 20 min. and store in a tightly 
stoppered bottle in the dark. V 

Preparation of complete medium \ 

Agar base 200 mk 

Laked blood 10 ml. ' 

Tellurite solution 2 ml. 

Melt the agar and cool it to 55° C., add the blood and tellurite and 
pour plates. 


Anderson’s Medium 

This medium can be recommended for the provisional detection of 
C. diphtheriae from throat swabs in 24 hr. (Anderson, 1944). It is 
selective and preserves the microscopic morphology of C. diphtheriae but 
type-specific colonial morphology is not elicited. 


j^^'or base 


Meat extract (Lab-Lemco) 

5 g. 

Peptone (Parke, Davis & Co.) 

10 g. 

Sodium chloride, NaCl .... 

5 g. 

Agar 

25 g. 

Water 

11 . 


Dissolve the ingredients and adjust the pH to 7'6. Distribute in 100 
ml. quantities in bottles and autoclave at 121° C. for 25 min. 

Glycerolated blood tellurite mixture 
Sterile defibrinated sheep blood . 14 ml. 

Sterile glycerol 6 ml. 

Sterile tdilurite solution, 1 per cent, aqueous . 4 ml. 

Stmlise the glycerol in a hot air oven at 160° C. for 60 min, and the 
tellurite solution by autoclaving at 115° C. for 20 min. Mix the in- 
gredients in a sterile flask, incubate tot 1-2 hr. at 37“ C., then refrigerate. 
Hamolysis is complete after 24 hr. The mixriire keeps well in the 
re^gerator. 

A one per cent, solution ci good quality tellurite is suflicient but up to 
two per cent of some batches is necessary. 
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Pr^paratim o/ cmpkU medium 

Agar base 100 nd. 

Glycerolated blood tellurite mixture . .24 mL 

Melt the ^;ar, cool to 45® C., add the blood and tellurite and pour 
plates. 

Dosniie’s Medium 

The classical medium for the typing of C. dtphtheriae is McLeod’s 
medium (Anderson, Happold, McLeod and Thomson, 1931) whidi is a 
chocolate agar medium made from a meat infusion broth sterilised by 
filtration to avoid heating, rabbit blood and tellurite. Downie’s medium 
is easier to prepare and has been used to give good differentiation of the 
types of C. dtphtheriae on colonial morphology without interfering with 
microscopic morphology. 

Nutrient agar 100 ml. 

Sterile defibrinated blood ... 10 ml. 

Sterile tellurite solution, 4 per cent, aqueous 1 ml. 

The effectiveness of the medium depends on the quality of the 
nutrient agar. A digest broth agar may be satisfactory or may require 
the addition of 1 per cent, peptone. 

The potassium tellurite solution is prepared as for Hoyle’s medium. 
Double layer pbtes are poured, a layer of nutrient agar being covered by a 
layer of blood tellurite agar. 


Lbffler’s Serum Medium 

This medium is especially useful for cultivation of the diphffieria 
bacillus, producing luxiuiant growth in 12 to 18 hr. with characteristic 
staining of the organism by Neisser’s and Albert’s methods. It is also 
used to show proteolytic properties particularly of Ciostridium spedes. 


Sterile ox, sheep or horse serum .... 300 ml. 
Nutrient brotib 100 ml. 

rrliicrijie . 1 g. 


Dissdve the glucose in the broth and autoclave at 115° C. for 20 min. 
Add the glucose broth to the serum with sterile precautions and dt8> 
tribute in sterile test tubes or in 2*5 ml. amounts in sterile i>oz. botdes. 
To inspissate, tubes are laid on a sloped tray but bottles are laid fiat sritib 
the caps tighfiy screwed on. The tenqperature is then slowly raised to 
80-85° C. and maintained for 2 hr., wh«i die serum ooagtdates to a 
yellowirii-white solid. 

If an in^nmator is not available, die serum may be coagulated by 
placing the rianted tubes at die top of a steam steriliser, whm» die 
temperature is a little bdow 100° C, for 5-7 min. Overheath^ causes 
expansion of air bubbles and the formation of steam from the fimd drop- 
lets in die partially sdklified mataial, leading to disruptiim of the 
medium. ' * ' 
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Inspissated medium should be allowed to cool before being baT>dVd i 
Medium in screw-capped bottles can be stored for a long period of tim e . 


MEDIA FOR THE CULTIVATION OF LACTOBACILLI 


DeMan, Rogosa and Sharpe’s (1960) Medium 

This is a non-selective medium that supports good growth of lacto- 
bacilli. Slightly modified, it serves as a basal me^um for fermentation 
tests and made with agar, it can be used as a plating medium. 


Peptone (Oxoid) 

Meat extract (Lab-Lemco) .... 

Yeast extract 

Glucose 

Tween 80 (Polyoxyethylene sorbitan mono-oleate) 
Dipotassium hydrogen phosphate, K2HPO4 . 
Sodium acetate, CH8C00Na.3H20 
Triammonium citrate .... 
Magnesium sulphate, MgS04.7H20 
Manganese sulphate, MnS04.4H20 
Water ....... 



Oi^lve the ingredients, distribute and autoclave at 121° C. for 
15 min. The pH lies between 6*0 and 6'5 after sterilisation. 


Tomato Juice Agar 

Hadley* s Modiftcation of Kulp and White's Medium . — In the formula 
given here, Hadley’s (1933) medium is further modified by replacing 
peptonised milk with casein hydrolysate. Tomato juice provides 
growth factors and a pH of 5*0 makes the medium selective for lacto- 
bacilli. The medium can be used for counts of lactobacilli in saliva. 

Peptone , . . 1 g. 

Casein hydrolysate . • 1 g* 

Tomato juice 40 ml. 

Agar 2 g. 

Water 60 ml. 

The tomato juice sold as a beverage is not suitable. Juice must be 
expressed fi'om canned whole tomatoes. 

Dissolve the peptone and casein hydrolysate in the tomato juice, 
htoting ^tly and taking care to avoid oveiheating. Adjust- to pH 5-0 
with lactic acid. Dissolve the agar in the water and mix both solutions 
while Aey are hot. Filter through a thin layer of absoihent cotton-wool, 
dMtrUiute in 100-ml. amounts and autodave at 115° C. for 10 min. 

Chi cooling, the tomfla^ds to flocculate. On remelting the m^um 
the ttottle must be iiivetted several times until the tomato goes into sus- 
peoMon. At pH 5*0, agar tends to be hydrolysed on heatigg aid 
r^Nsated melting of a batch of this medium should be avoided. 
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MEDIA FOR THE CULTIVATION OF MYCOBACnTEI^ ' 
Lftwenstem-Jensen Medium 

As prescribed by the International Union against Tuberculosis 
(lUT). ® 


This medium (Jensen, 1955) has been modified from the originai 
Lowenstein- Jensen medium by omitting starch, which makes it more 
difficult to prepare and is unnecessary for the growth of tubercle bacilli* 
Malachite green suppresses the growth of organisms other than myco- 
bacteria* The medium is recommended for the isolation of the human 
type of the tubercle bacillus whose growth is enhanced by glycerol, and 
for drag sensitiyi^ tests. Colonial morphology on this medium allows 
the differentiation of human and bovine types. 


Mineral salt solution 

Potassium dihydrogen phosphate, KHjPO* anhy- 
drous ........ 

Magnesium sulphate, MgSOi 
Magnesium citrate 
Asparagine 

Glycerol .... 

Water .... 


2- 4 g. 
0-24 g. 

0-6 g. 

3- 6 g. 
12 ml. 
600 ml. 


Dissolve the in^edients by heating. Autoclave at 121° C. for 25 min. 
to sterilise. This solution keeps indefinitely and may be stored in 
suitable amounts. 


Malachite green solution. — ^Prepare a 2 per cent, solution of malachite 
green in sterile vrater with sterile precautions by dissolving the dye in llie 
incubator for 1-2 hr. This solution can be stored indefinitely and should 
be shaken before use. 


Preparation of complete medium 

Mineral salt solution 600 ml. 

Malachite green solution 20 ml. 

Beaten egg (20 to 22 hens’ eggs, depending on size) 1 1. 

All utensils used to prepare the complete medium must be sterile. 
The e^ must be fresh, i.e. not more dian four days old. Wash thm 
thoroughly in warm water with a brash and a plain alkdine soi^, sudk as 
Windsor soap, and rinse in running water for 30 min. Drain off the 
water and allow the eggs to dry covered with p«q>er until the foUowii)^ 
day. Altcrnativ*^, to save time, the wash^ and rinsed e^ may be 
(hied by sprinkling them with me^ylated spirit and burning it off. The 
risk is that wet shells lead to contamination of the egg. Before faaniUfo^ 
the clean, dry eggs, scrub the hands and dry than. Craih the eggs mitiaa 
sterile knife into a sterile beaker and beat tll®'with a sterile ngg stliisk. 
There is no need to fihw the beaten e^. Mix the complete me#wm, 
distribute it in 5 ml. amounts in sterile 1 oa. (McCartney) bB#ei ac4 
3b 
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Bcrew the caps tightly on. Lay the botdes horizontally in the inspissate 
and heat at 75°-80° C. for 1 Since the medium has been pr^ared 
with stoiie precautitHOS riiu heatup is to sdid^ the meditim, not to 
sterilise it. 

The medium will keep for some months in saew*capped bottles, but 
if slopes are made in test tubes th^ must be stored in ^ cold and used 
within a month. 


Stombriidt’s Medium 

This medium (Stonebrink, 1957) is particularly suitable for the isola- 
tion of bovine strains of the tubercle bacillus. It does not contain 
glycerol, which has no effect on or may even be inhibitory to the ^owth 
of the bovine type. The medium may also be used for the isol^ion of 
human strains ffiat are drug-resistant and difficult to grow. It shmld be 
used for specimens other than sputa and for sputa if the tubercle l^cilius 
is highly resistant. It is unsuitable for drug sensitivity tests. 

Mineral salt solution 

Potassium dihydrogen phosphate, KHjPO^ anhy- 
drous 7 g. 

Disodium hydrogen phosphate, Na 2 HP 04 . 2 H 20 4 g. 

Sodium pyruvate 12*5 g. 

Water .... ... 1 1. 

Dissolve the salts and autoclave at 121 ‘ C. for 30 min. This solution 
keeps indefinitely. 

Malachite green solution. — This is a 2 per cent, solution prepared as 
for Ldwenstein-Jensen medium. 

Preparation of complete medium 

Minml salt solution 11. 

Malachite green solution 40 ml. 

Beaten egg 21. 

Prepare the beaten egg, mix and dispense the medium with sterile 
precautions and inspissate it as for Ldwenstein-Jensen medium. 


Dmeet's Egg Medium 

Hus rimple egg medium is suitable for the growth of laboratory 
strains of tubercle bacilli. Inanonergdoc^itmaybeusedforisolationB, 
whm it would be advisable to add malaclute green, Intt more 
enriched media jjridd the greatest number of positive oiltures from 
primary inoculations of spedmens from human and animal infections. 

Beaten <gg (2 or 3 hens’ eg^ dqiending on size) . 75 mL 
. .^erilebrotih . . i . . . .25 ml. 

. Msdadute green solution, 2 per cent Oif fw isoh^bn . 

of tnberde badlli) . ; . . . . ^25,nih 
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Prep^ the beaten egg, mix and dispcMc the medium wiA stertte 
precautions as for LSwenstdn-Jensen. If an inspissator is not s^v^tabk 
the medium m^ be solidified in about 20 min. on the top of die steam 
steriliser but it is better to heat at a lower temperature for a long(^lime. 

Liquid Media for M. tuberculosis 

Various liquid media may be used for growing tubercle b acilli for 
special purposes. For example, Ives and McCormick (1956) recommend 
a medium for culturing tubercle bacilli from pleural fluid. Other liquid 
media include Kirchner’s (1932), Youman’s (1944') and Dubos’s 
(Medical Research Council, 1948) media. Note that the casein hydro- 
lysate for Dubos’s medium is already a 20 per cent, solution and should 
not be diluted further. 


Smith’s Medium 

This medium (Smith, 1953) is suitable for the growth of jOhne’s 
bacillus. Essentially it is Dubos’s medium with the addition of an 
alcoholic extract of Mycobacterium phlei and solidified with agar. For 
isolations from the intestinal mucosa Actidione and chloramphenicol 
may be added to inhibit contaminants (Brotherston, Gilmour and 
Samuel, 1961). 


MEDIA FOR THE CULTIVATION OF CLOSTRIDIA 
Cooked Meat Broth 

The original medium is known as “Robertson’s bullock-heart 
medium”, but the following modification of Martin and Lepper is 
recommended. It is suitable for growing anaerobes in air and aho for 
the preservation of stock cultures of aerobic organisms. The inoculum 
is introduced deep in the medium in contact with the meat 

Cooked Meat 

Fresh bullock’s heart 500 g. 

Water . . . . 500 ml. 

Sodium hydroxide, 1 N NaOH 1*5 ml. 

Mince the heart, place in the alkaline boiling water and simmer fior 
20 min. to neutralise the lactic add. Drain off the liquid throuf^ a 
muslin filter and, while still hot, press ^e minced meat in a doth and dr^ 
partially by spreading it on a doth or filt^ paper. In this condition it 
can be introduced into bottles without soili^ them. 

Peptone Infusion SroA 

Liquid mtered from cooked meat . 500 mL 

Peptone 2*5 g. 

So^um chloride, NaCl 1^25 g. ,, 

Steam ctJOG** C, fbr 20 min., add 1 mL pure k^ydrochtone a«id Mi 
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Bring the reaction of riie filtrate to pH 8*2, steam at 100° C. for 
30 min. and adjust reaction to pH 7*8. 

Preparation of complete medium , — ^Place meat in each 1-oz. bottle to a 
depth of about one inch and cover with about 10 ml. broth. Autoclave 
at 121° C. for 20 min. After sterilisation, the pH of the broth over the 
meat is about 7*5. If test-tubes are used the surface of the medium may 
be covered with a layer of sterile liquid paraffin |-in. (1 cm.) deep, but 
this is not essential. 

A tall column of meat is essential because conditions are anaerobic 
only where there are meat particles. There need be only sufficient broth 
to extend about ^ in. above the meat. 

Thioglycollate ftroth ^ 

The addition of sodium thioglycollate to liquid media was sho' 
Brewer (1940) to prolong the time that anaerobic conditions are Main- 
tained after sterilisation, and anerobes can be grown in tubes like aerobic 
organisms. The addition of a small amount of agar prevents convection 
currents and assists in maintaining anaerobiosis. Methylene blue or 
resazurin acts as an oxidation-reduction potential indicator. It should 
be decolourised except in the surface layer. 

Any nutrient broth can be made anaerobic in this way. The formula 
for the thioglycollate medium prescribed in the United States Pharma- 
copeia for sterility tests is given here. 


Yeast extract, water soluble . . 5*0 g. 

Casein hydrolysate, pancreatic digest 15-0 g 

Glucose 5*5 g. 

L-cystine 0*5 g. 

Agar 0*75 g 

Sodium chloride, NaCl 2*5 g. 

Sodium thioglycollate 0*5 g. 

Resazurin sodium solution, 1 in 1000, freshly pre- 
pared . . . . . . . 1*0 ml 

Water 11. 


Dissolve the ingredients other than thioglycollate and resazurin by 
steaming at 100° C. Add the thioglycollate and adjust the pH to 7*3. If 
there is a precipitate, heat without boiling and filter hot through 
moistened filter paper. Add the resazurin solution, mix thorou^y, 
distribute and steiUise at 121° C. for 15 min. Cool at once to 25f C. 
and store in the dark, prrferably between 20° and 30° C. Do not use 
die medium if it has evaporated enough to affect its fluidity. If more 
rftan the upper third is pink in colour, anaerobic conditions may be 
restored once only by steaming at 100° C. for a few minutes. 

l4>wdniiy and Lilly’s (1955) Medium 

This is bodi a selective and an indicator medium for Cl tod<M. It 
(^Kotaias Fildes’ peptic digest of blood to stonulete tibe production of 
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lecithixiase by Cl. toelckU, human serum to indicate lecithinase isMduc* 
tion and neomycin to inhibit lecithinase-producing aerdbic sporing 
bacillL The concentration of agar is high to prevent the swarming of 
Proteus. Double layer medium allows a clearer demonstration of 
lecithinase reactions. 

Agar base 

Agar, New Zealand (Davis) 50 g. 

Peptone water (Evans peptone) 1 1. 

This agar base autoclaved at 121° C. for 30 min. is used for the lower 
layer of the medium and as basal medium for the upper layer. 

Preparation of complete medium 

Agar base 100 ml. 

Fildes’ peptic digest of sheep blood . .6*5 ml. 

Human serum, sterile 40 ml. 

Neomycin sulphate (Upjohn), sterile aqueous solu- 
tion: 10,000 fxg. per ml 1*5 ml. 

The serum may be prepared by treating plasma with 5 per cent, of 
sterile 10 per cent, calcium chloride at 37° C. Heat the Fildes’ dig«t at 
55° C. for 30 min., melt the agar base and cool it to 56° C. Add the 
remaining ingredients and pour the medium as the upper layer of double 
layer plates on a layer of agar base. The final concentration of neomycin 
in the upper layer is 100 fig. per ml. 

Spread 250 international units of Cl. welchii antitoxin over half of each 
agar surface. 


WilUa and Hobbs’ (1959) Medium 

This medium for the isolation of clostridia is a lactose egg-yolk milk 
agar made selective for various clostridia, particularly Cl. toelchU, by the 
addition of neomycin. The recommended concentration of 250 fig. 
neomycin sulphate per ml. may inhibit some clostridia, usuidly inhibits 
strains of Bacillus and Stapf^lococcus, and greatly reduces the growth of 
coliform bacilli. Nt^ler-poshive organisms produce zones of opales- 
cence that can be spedfically inhibited by the appropriate antiserum 
spread oyer half the medium in a plate and dried-in b^ore inooilaition; 
Some clostridia produce a "pearly layer”. Lactose fernumtation is 
indicated by a pi^ halo in the medium around the colony and proteo- 
lysis by a dearing of the milk in the medium. 

Egg yoiOt rtupeitston.— Break eggs with precautions to keep their con- 
tents sterile, as described for Ldwenstein medmm, at the same thne 
separating the yolks ^m the whites. Discard the whitm uad ^hne 
yolks with an equal vdume of sterile 0*9 per cent, sodium dihmde 
solutitm. 

SUrUe stock miZfc.— Remove the cream firom ordmary miflt by eeolzi- 
fuging. Sterilise the skimmed milk by autoclaving at 121° C. for IS- min. 
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Basal medium 

Agar (New 2!ealand) 4*8 g. 

Lactose 4*8 g. 

Neutral red, 1 per cent solution . .1*3 ml. 

Meat infusion broth, pH 7 400 1 ^. 

Egg yolk suspension ...... 15 mL 

Milk 60 ml. 


Dissolve the agar and lactose in the neutral red and broth by steaming, 
and sterilise at 121 ® C. for 25 min. Cool to 50-55° C. and add the egg 
yoUc and milk. Pour plates. 

Possible additions to based medium 
Neomycin sulphate (Upjohn) . 250 (sg. per mL 

Sodimn thioglycollate . .0*1 per cent. 

Stock sterile solutions of neomycin may be stored in the refrig^tor 
with little loss of potency. The antibiotic is not decomposed by h^tii^; 
at 60° C. for 20 min. Thioglycollate may assist the grov^ of the stricter 
anaerobes. 

Either or both of these reagents may be added at the same time as the 
egg yolk and milk. 


EUner’s (1956) Medium 

This medium is used to induce spore formation in CL loetcfm. 
Anaerobiosis may be ensured by heating at 100° C. for 10 min. and 
cooling just prior to inoculation. It is important that the inoculum 
should be adequate; 0*5 ml. of an actively growing 4-12 hr. meat broth 
culture should be introduced with a pipette into the bottom of the tube 
of meditun. 


Peptone {e.g. Proteose peptone, Difeo) . 

Yeast extract 

Soluble starch 

Magnesium sulphate, MgSOf 
Potassium dihydrogen phosphate, KH 2 PO 4 . 
Disodium hydrogen phosphate, Na 2 HF 04 . 12 H 20 
Water 


10 g. 

3g. 

3g. 

0*1 g. 

1-5 g. 
67 g. 
11 . 


Steam briefly at 100° C. to dissolve, adjust to pH 7*8 with sodium 
hydroxiite, dispense in tubes and autoclave at 12l° C. for 15 min. Tubes 
diould be fadf to two-thirds full. 


Alkaline Egg Medium 


This medium promotes spore formation by Clostridia. Clostridia 
rranain viable in it for years. 


Egg yolk .... 
Egg whites 

Sodium hydroxide, IN NaOH 
Water to .... 


1 

2 

6 ml. 
500 ml. 
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Beat l3aa yxdk and ividtes, add the aodium hydroxide and wate$>v li^t 
slowly to 95” C. for hr., filter dvough cotton>wool and dittrilMite, 
SteriUse by autoclaving at 121” C. for 15 min. 


MEDIA FOR TEIE CULTIVATION OF ENTEROBACIERIA 
, MacConkey*s Agar 

This is a useful medium for the cultivation tS. enteric bacteria. It 
contains a bile salt to inhibit non-intestinal bacteria and lactose widi 
neutral red to distinguish the lactose>fermenting coliforms from the non- 
lactose-fermenting salmonella and dysentery groups. 


Peptone 

Sodium taurocholate, commercial 

Water 

Agar 

Neutral red solution, 2 per cent, in 
ethanol ..... 
Lactose, 10 per cent, aqueous solution 


. 20g. 

. 5g. 


11 . 


. 20 g. 

50 per cent. 

. About 3-5 mL 
100 ml. 


Dissolve the peptone and taurocholate (bile salt) in the water by 
heating. Add the agar and dissolve it in the steamer or autoclave. If 
necessary, clear by ^tration. Adjust the pH to 7-S. Add the lact<»e 
and the neutral red, which should be well shaken before use, and mix. 
Heat in the autoclave with “free steam” (c. 100” C.) for 1 hr., then at 
115“ C. for 15 min. Pour plates. 

The medium should be a distinct reddish-brown colour. If it is add, 
it assumes a rose-pink colour. When the medium is stored for an^ 
length of time the neutral red indicator tends to fade. To overcome tibia 
the medium is made up and stored without neutral red, indicator bdng 
added and thoroughly mixed t^ore pouring plates. 


Teepol Lactose Agar 

Jameson and Emberley (1956) described this medium as a subst^te 
for MacConkey’s agar. Teepol (Shell Chemicals Ltd.), which is a 
detergent containing sodium and potasuiun salts of alkyl sulfdiates with 
rhgintt ^ g-ig C atoius, is used in place of sodium taurocholate as the 
selective agent for enterobacteria; it has the advanti^es of beiag much 
cheaper and more reliable in its properties. 

Etipeptone No. 2 (Allen & Hanburys) . 

Lactose 

Sodium chloride Na Cl 
Teepol . . . . • 

Bronoothymol blue (1 in 500 solution) 

Agar (New Zealand, Davis) 

Water 

Adjutt to pH 7*5 and ateriliao at 115® C for 15 mm. 


20 f. 
10 g. 

5 g* 

1 g. 

25 ml. 
9g. 

it 
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Golonies of lactose-femHinting Eseh. coU orgSHJwms art pale eretm in 
colour and are usually large and opaque. Colonies of salmondlae and 
shigellae are pale green and lera op^ue. 

Brilliant Green MacConkey Agar 

Brilliant green is inhibitory to Esch. coU and renders the medium 
selective for salmonella organisms. 

The medium is prepared as MacConkey’s agar but with the addition 
of 0*4 g. brilliant green per litre. 

Detoxycholate atrate Agar (DCA) 

This modification by Hynes of Leifson’s medium is particulany suit- 
able for the isolation of the dysentery bacilli, the i»almnnt.l1al food- 
poisoning group and S. paratyphi B. It is not quite so selectivetfor S. 
typhi, though superior to MacConkey's medium. \ 

Neutral red lactose agar 

Meat extract (Lab-Lemco) 20 g. 

Peptone (Difco proteose or Evans) . . 20 g 

Agar ’ 90g! 

Neutral red solution, 2 per cent, in 50 per cent. 

, 5 ml. 

Lactose .... m „ 

Water X\ 

Dissolve the meat extract in 200 ml. water over the flame. Make just 
alkane to phenolphthalein with 50 per cent, sodium hydroxide, boil at 
100° C. and filter. Adjust the pH to 7*4, make up the volume to 200 ml. 
“1^0^ peptone. Dissolve the agar in 3700 ml. water by steaming 
at 100 C. for 1 hr. Filter if necessary. Add the meat extract and 
peptone solution and mix. Add the neutral red and lactose, mixing 
again. Bottle in accurate 100 ml. lots and heat in the autoclave with 
‘free steam” at c. 100° C. for 1 hr. and then at 115° C. for 15 min. 

Solution A 

Sodium citrate, Analar, Na,C,H,0,.2H80 17 g. 

Sodium thiosulphate, Analar, Na*SjO,.5HjO 17 g. 

Ferric ammonium dtrate, green scales . , 2 g 

Sterile water • . lOOml. 

Solution B {bile salt) 

Sodium desoxycholate .... 10 g 

Sterile water ... m ’xal. 

th^ solutions with sterile precautions, heating at 60° C. for 
1 to facilitate solution* 

Prepared of compleU medium 

Natitral red lactose agar 100 ad 

Sdhitkm A 5 ml 

Solution B . . . . ; ■ i ; , 
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Melt the «id add aolutions A and B in diis ord«:, imng iii^Mttte 
sterile pipettes and mixing well between. Pour plates and 

dry the surface. The medium is pale pink in colour and should be ipite 
clear. 

The medium should be poured and cooled as soon as posable attex 
the addition of the desmcycholate, otherwise it tends to become 8(^ 
The desoxycholate must be pure and samples should be tesisd with 
known positive specimens before purchase is made. 


Wilson and Blair’s Medium 

The use of this medium (Wilson, 1938) depends on the reduction of 
sulphite to sulphide in the presence of glucose by S. typhi and S. para- 
typhi B, yielding black colonies, and the inhibition of Esch. coti by 
brilliant green and by bismuth sulphite in the presence of an excess of 
sodium sulphite. 

Bismuth sulphite glucose phosphate mixture 

Bismuth ammonio-citrate, scales . . 30 g. 

Sodium sulphite, NajSOs 100 g. 

Disodium hydrogen phosphate, Na2HP0*.12H20 . 100 g. 

Glucose, commercial . . 50 g. 

Sterile water 11. 

With sterile precautions dissolve the bismuth ammonio-citrate in 
250 ml. boiling virater, and the sodium sulphite in 500 ml. boiling water. 
Mix the solutions and while the mixture is boiling add the sodium 
phosphate crystads. When this mixture is cool add the glucose dissolved 
in 250 ml. boiling water and cooled. This mixture will keep for mont^. 

Iron citrate brilliant green mixture 

Ferric citrate, brown scales 2 g. 

Brilliant green g. 

Sterile water 225 ml. 

With sterile precautions mix solutions of the ferric citrate in 200* ml. 
water and the brilliant green in 25 ml. water. This mixture will keepfiw 
mon^. 

Preparation of complete m^iium 

Sterile 3 per cent, nutrient agar . . . 

Bismuth sulphite glucose ph^phate mhtture . 

Iron tumtte-brilliant green mixture 4*5 na. 

Melt the agar and cool to 60® C. Add the oAer ingredients with 

sterile precautions and pour plates. 


Tetradiiotiate Ikoth 

'niesecratiiionate in this liipiid inediumm)ul^cDlifocinl»aqBi 

perxnitting baolE of die typhrud-paratyphoid group to grow thm, 
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an omched culture of the latter can be obtamed from faeces and some* 
times an almost pure growth. However it permits ^ growth of 
ProUus spp. 


Thiosulphate solution 
Sodium thiosulphate, NagSjOs • 
Sterile water to . 


24-8 g. 
100 mi. 


Mix the salt and water with sterile precautions and steam at 100® C. for 
30 min. It is a 1 Af solution. 


Iodine solution 
Potassium iodide, KI 
Iodine, I . 

Sterile water to . 


20 1 . 

12 -fg. 

looW. 


With sterile precautions dissolve the potassium iodide in fiboul 50 ml. 
of warm water, add the iodine and make up to a final volume of ioO ml. 
This gives a normal or 0-5 M solution. ' 

Preparation of complete medium 

^dum carbonate, CaCOs 2*5 g. 

Nutrient broth 78 ml. 

Thiosulphate solution 15 ml. 

Iodine solution 4 ml. , 

Phenol red, 0*02 per cent, in 20 per cent, ethanol . 3 ml. ‘ 


Add the caldum carbonate to the broth and sterilise it by autoclaving 
at 121° C. for 20 min. When cool, add the thiosulphate, iodine and 
phenol red solutions with sterile precautions. Distribute in 10 ml. 
ui^unts in sterile screw-capped botdes. Even in the refrigerator, tetra- 
thionate broth does not keep for more than a few weeks. It is convenient 
to keep stodc solutions and prepare the complete medium as required 
(Knox, Gell and Pollock, 1942). 

Kauffmano-Miiller Tetrathionate Broth 

This medium is more selective than the original tetrathionate broth 
because the brilliant green in it checks the growth of Proteus spp. 

Thiosulphate solution 

Sodium thiosulphate, NagSjOg . 5 H 2 O . .50 g. 

Sterile water 100 ml. 

Mix the salt and water with sterik precautions and Meam at KKl® C. 
for 30 min. 


Iodine solution 
Potasdum iodide, KI . 
Iodine, I . 

.Sterile water 


25 g. 

20 g. 

100 ml. 


V:* With stank precautions dissolve the potasdum iodt^ and. add the 
iodine. ' • ■ 
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\jx oue somam 


Desiccated ox bile 

0*5 g. 

Water 

5 ml. 


Disaolve mth sterile precautions. 
Preparation ef complete medium 


Nutrient broth, pH 7-4 .. . 

90 ml. 

Calcium carbonate, CaCOa . 

5g. 

Brilliant green, 1 in 1000 aqueous 

1 

Thiosulphate solution 

10 mL 

Iodine solution 

2 ml 

Ox bile solution .... 

5 ml. 


Add the calcium carbonate to the broth and sterilise it by autoclaving 
at 121® C. for 20 min. When cool, add the other solutions and distribute 
aseptically in approximately 10 ml. amounts. Heat once in the steamer 
at 100 ® C. for 10 min. 


belenite F Broth 

The selenite in this medium (Leifson, 1936) serves the same purpose 
as tetrathionate in tetrathionate broth and has been preferr^ to it 
(Hobbs & Allison, 1945). 


Sodium add selenite, NaHSeO, . 

. , 

+ g* 

Peptone 

• 

5g. 

Lactose 

. 

4g- 

Disodium hydrogen phosphate, Na 4 HP 04 . 

. I 2 H 4 O . 

9-5 g. 

Sodium dihydrogen phosphate, NaH 2 P 04 . 

2HjO . 

0-5 g. 

Sterile water 

• 

1 1 , 


Dissolve the ingredients with sterile precautions and distribute the 
yellowish solution in 10 ml. amounts in sterile screw-capped bottles. 
Steam at 100® C. for 30 min. Excessive heat is de^ental to the 
medium and autoclaving must not be used to sterilise it. A^sl^ht 
amount of red precipitate may form but this does not interfere with the 
action of the medium. The pH of the medium should be 7»1 and the 
phosphates may be varied slightly if necessary to attain this. 

Salts of are very toxic for animus and man and murt be 

handled with some care. Some organic compounds of selenmm and 
hydrogen sd^de are volatile and toxic if inhaled. 


MCTitA for the cultivation of vibrios 

The vibrio media are Dieudonn6’s (1909) alkahne blood 

and Aronson’s (1915) sucrose dextrin agw. New media Utilise % 
ability of vttirioa to suit sdadn with the ptoduetaon t» iadoea 
colodes on solid ag>^L& containing gelatin. 
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Moti8ar*8 Medium 

This medium is for the isolation of cholera and other vibrios either 
from rectal swabs and stool specimens or from other contaminated 
sources. A similar fluid medium is used for enrichment or preservative 
purposes (see Monsur, 1963); this is the “Bile peptone transport 
me^um” described on p. 780. The potassium tellurite in these m^dia is 
highly inhibitory to most coliform bacilli although Proteus species grow 
as small colonies. 

Bile salt gelatin agar 

Trypticase (Baltimore Biological Laboratories) or 
Bactotryptone ...... 

Sodium chloride, NaCl 

Sodium taurocholate ...... 

Sodium carbonate, NajjCOa .... 

Gelatin (Difco) ....... 

Agar 

Water 

It is thought essential to use the Difco brand of gelatin, 
ingredients by steaming and adjust the pH to 8*5 with sodium hydroxide. 
Sterilise by autoclaving at 121° C. for 20 min. 

Potassium tellurite solution. — ^Prepare a 0-5 per cent, solution ip water 
and autoclave at 115° C. for 20 min. This solution keeps indefinitely. 

Preparation of complete medium 

Bile salt gelatin agar ...... 100 mi. 

Potassium tellurite solution, KjTeOs, 0*05 per cent. 1 ml. 

Make a 1 in 10 dilution of the stock potassium tellurite solution with 
sterile precautions and add it to the melted and cooled agar medium. 
The final pH of the medium must be 8*5 to 9*2. Poiir plates. 

This medium should be used when fresh because its pH tends to fall 
on keeping. 

Gelatin Agar 

This medium is complementary to Monsur’s medium. It is unsuit- 
able as the sole medium for primary isolation of diolera vibrios because 
it is not inhibitcuy to coliform bacilli. It is used to provide a soni- 
quantitative assessment of the numbers of vibrios that are beii^ 
excreted. 

Trypticase (Baltimore Biological Laboratories) - 1 g. 

Sodnun chloride, NaCl .... 1 g. 

Gelatin (Difco) 3 g. 

AgM- 1*5 g. 

Water 100 mL 

, It is tiiot^t essential to use the rxtrrect brands of trypiicne End 
IdatiiL Dissolve the ingredients by steammg. The ajxNild ^ 
>2-7*4. Autoclave at 121° C. for min. to stailise, and pour plates. 



Dissolve the 



MBDIA FOR BRVOBLI.AB 


m 


MEDIA F(Hl THE CnLlWATION OF BRUCELLA 

Liver infusion agar (Huddleson, 1939) has been used to grow bruc^lae. 
but some infusions can be inhibitory and lead to rfiffer^n*^ in the 
quality of different batches of medium. Serum dextrose agitf br Affiimi 
agar are to be preferred. 


Serum Dextrose Agar with Added Antibiotics 

This medium (Jones & Morgan, 1958) containing antimicrobud 
agents is good for isolating even very fastidious strains of Br. abortus. 
The antimicrobial substances may be omitted if cultures are being made 
from uncontaminated sources. 

Bacitracin solution (2000 units per ml.). — Bacitracin is supplied in 
vials containing 500,000 imits. Dissolve the contents of one vial in 250 
ml. of sterile water. Store at 4® C., but this solution will not keep for 
more than one week. 


Polymyxin B solution (5000 units per ml.). — ^Polymyxin B is supplied 
in bottles containing 500,000 units. Dissolve the contents of one botde 
in 100 ml. of sterile water. Store in a deep freeze at — 20® C. or in the 
ice chamber of a refrigerator. 

Actidione solution (10 mg. per ml.). — ^Actidione is supplied in 4 g. 
bottles. It is important to dissolve this amount of powder in 20 ml. 
of acetone and dilute to 400 ml. with sterile water. Store at 4® C. 


Dextrose solution (25 per cent.) 

Dextrose 12*5 g. 

Water 50 ml. 


Prepare the solution and sterilise it by Seitz filtration. 


Preparation of complete medium 

Agar 

Peptone 

Sodium chloride, NaCl 

Meat extract 

Water 

Sterile inactiwri»d horse serum 
Dextrose solution, 25 per cent. . 
Bacitracin solution, 2000 units per ml. . 
Pol;pnyxin B solution, 5000 units pCT ml. 
Actidione solution, 10 mg. per ml. 


15 g. 

10 g. 


. A A. 

. 50 mL 
. <40 ml. 

. 12’5 mL 
. 1-2 ml. 

. 10 mi. 


Dissolve the first four ingredients by gentle heating, adjust to pH 7*5 
^d autodave at 121® C. for 30 min. Cool to 52®^ C.^ and add the 
remaining hogredients^ tni'giwg wdl to mssure even distribtttion of the 
antimiiarol^ Pour plates, this amount of nwdtmn maldUgsIxiftt 
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50 plates. Cooling to 52° C. will reduce water of condensation on the 
lids. 

It is best to use freshly prepared medium because Actidicme is un- 
stable. However plates can be stored for a week in the refrigerator with 
the lids uppermost, either in a container with a lid or in a wire tray 
covered with a sheet of polythene. Before use, plates should be in- 
cubated overnight with the medium uppermost, but in an emergency 
plates vrath lids partly opened may be dried for 1 hr. in the incubator. 
It is important that the surface of the medium be dry to discourage 
dissodation. 


Albimi Agar (Joint FAO/WHO, 1958) 

This selective medium is an alternative to serum dextros^ agar for 
isolating brucellae but is not so suitable for fastidious strains, m raising 
the agar concentration to 2*5 or 3 per cent, of the final medium its 
selectivity is increased and the possibility of overgrowth by Proteus is 
reduced. Album agar is manufactured by Albimi Labo^tories, 
Brooklyn, N.Y. It has the advantage of not requiring the addition of 
serum. 

Et^l violet solution (1 in 1000). — ^The concentration is calculated on 
the basis of the pure dy^tuff and not on the weight of the product as 
supplied. 

Bacitracin, polymyxin B and Actidione solutions are prepared: as for 
serum dextrose agar. 


Preparation of complete medium 

Albimi agar 11. 

Ethyl violet solution, 1 in 1000 .... 1*25 ml. 

Bacitracin solution, 2000 units per ml. . 12*5 ml. 

Polymyxin B solution, 5000 units per ml. 1*2 ml. 

Actidione solution, 10 mg. per ml. .10 ml. 


Prepare and sterilise the Albimi agar in accordance with the manu- 
facturer’s instructions. Cool to 52° C. and add the remaining in- 
jgredients. Mix the medium, pour, store and dry plates as for serum 
dextrose agar. 


MEDIA FOR THE CULTIVATION OF BORDETELLA 
Bordet:*<>«Dgoa Medium 

This modification has given good growth of Bord. pertussis. Peptone 
was not included in the origii^ Bordet-Gengou medium and may be 
omitted. Some bmnds of peptone are markedly inhtbtuny to die growth 
oi Bord. pertussis probably due to dim content df cdloidal fulphur or 
sulfdude. The medium can be made mom ad^ve for ikwdt 
1^ adding 0*25 unitt penidllin per mh Lacey {1954} hat described m 
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even more selective medium containing a 

dimiidine, sodium flumdde 

and pooidliin. 

Glycerol potato e^ar 

Potato slices 

250 g. 

Sodium chloride, NaCl 

9g. 

Water 

2t 

Agar 

45 g. 

Glycerol . 

20 ml 

Proteose peptone (Difco) 

20 g. 


Clean and pare potatoes, and cut them into thin slices. Boil the slices 
with the salt in 500 ml. of water until they fall to pieces. Make up the 
water lost in boiling, filter through linen and adjust to pH 7. Dissolve 
the agar in 1500 ml. of water by heat and add the potato extract, glycerol 
and peptone. Distribute in bottles and heat in the autoclave with "free 
steam” at c. 100° C. for 1 hour, then at 1 15° C. for 10 min. Store until 
required. 

Preparation of complete medium 

Glycerol potato agar 2 volumes 

Sterile defibrinated horse blood .... 1 volume 

Melt the agar in the steamer for 1 hr., inverting the bottle several 
times. Place in the water bath at 55° C. for about 5 min. imtil the 
temperature of the agar has dropped to about 65° C. Warm the blood 
slightly by placing it in the 55° C. bath for 2-3 min. Mix the blood and 
the agar thoroughly and pour plates. The layer of agar should be thick, 
about 30 ml. of medium per 4 in. Petri dish. The plates should not be 
dried in the incubator, but should be stored at once in the refrigeratpr, 
and may be used up to two or three days after preparation. 


Colintdiale Modification of Bordet-Gengou Medium 

This medium is easier to prepare than die original Bordet-Gengou 
medium because starch is used in place of a preparation from potato 
slices. Also the brand of peptone used appears to be better ira growth 
BordeteUa. The penidllin and diamidine (M & B 938) make it mcHre 
selecfive for BordeteUa. 


Glycerol starch e^ar 
Peptone (Bengers or Evans) 
Sodium (boride, NaO 
Glycerol . 

Starch (Soluble BDH) 
Water . . . 

Agar (Davis) 


. lOg. 

. Sg. 

. 10 mL 

. 2-5 g, 

. 11 . 

, 11 g. 


Disscdve the ingredieatSt except the agar, in the water md a<^ost to 
pH 7*8. Add fite agar. Cbedr the pH whidbi should be 7’S-7*6. Dior 
tribute 'in 20ft. ml, quantities and autoclave at 115° C. for 10 min>' ,■ 



768 


MEDICAL M1C80BIOLOOT 


Preparation of compete irntdium 

Glycerol starch agar . 200 ml. 

Penicillin (50 units per ml.) 1*5 ml. 

M & B 938 (O’! per cent, solution) 0*9 nd. 

Sterile defibrinated horse blood . 100 id. 


Melt the agar in the steamer at 100° C., cool to 40-45° C. Warm the 
blood to 37° C. and add all the ingredients. Mix thoroughly and pour 
not more dian 10 plates from this quantity of medium. Store in the 
refrigerator. A short (10-15 min.) period of (hying may be necessary 
but only when the plates are freshly poured. 

M & B 938 is 4 : 4 diamido-diphenylamine-hydrochloride. 

MEDIUM FOR THE CULTIVATION OF HAEMOPim.US 
Levindiai’s Medium \ 

For this mediiun the contents of red cells are liberated bylheat to 
improve on blood agar for the cultivation of Haemophilus specim 

Sterile nutrient agar ...... 100 mi. 

Sterile rabbit or human blood 5 ml. 

Melt the agar, add the blood and heat the mixture in boiling water. 
Allow the deposit to settle and distribute the clear supernatant 

I 

i 

MEDIA FOR THE CULTIVATION OF FUNGI 

Media for the isolation of pathogenic fungi are designed to be in- 
hibitory to bacterial contaminants. Sabouraud’s glu(x>se peptone 
medium, tellurite malt agar and penicillin streptomycin agar are des- 
cribed here. Sabouraud’s medium is generally preferred for the ring- 
worm fiu^ and penicillin streptomycin blood agar for the systemic 
fungi. 

Malt agar is a general purpose medium for the cultivation of fungi. 
Com meal agar, zein agar and ri<% starch agar are designed to induce the 
formation of chlamydospores in Candidd species. A preservation 
medium (p. 778) and two liquid media also are described. 

Agar is hydrolysed by heat at a low pH and acid media for fungi are 
not heated above 115° C. After autoclaving, the medium may be 
allowed to solidify in bulk but it should be remelted only once and dien 
with a minimum of heating. The high (mncentration ci sugar in some 
media for fungi is another reason for avoiding overheating and repeated 
heating, because heat tends to char sugar. 

Sabouraud’s CHucoae Agar and Brodi 

The low pH and high sugar content of this meditun make it par- 
dcul^sdective for fungi as against bactmal ocmtanitnaidis. The i^t 
medium is suitable fm the primary istdatioo of fungi from dinicsl 
nuderud; - 
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Glucose 

Peptone 

Agar 

Water 


40 g, 
log. 

20 g. 
11 . 


A suitable peptone is Oxoid mycological peptone supfdied. Oxo 
Ltd. (Medical Dept.), London, E.C.4. For broth, the agar is pisittedL 
Dissolve the ingredients in the steamer or autodave. Filter ttuoufj^ 
cotton gauze and adjust to pH 54. Dispense in stock botdes or in tub^ 
Autoclave at 115° C. for 15 min. 


Tellurite Malt Agar 

Like Sabouraud’s medium, this has a low pH and high sugar content. 
In addition it contains teUurite to inhibit bacteria. 

Malt extract is prepared commercially by extracting the soluble 
materials from sprouted barley in water at about 55° C. The liquor is 
strained and concentrated by evaporation at a temperature bdow 55° C. 
to yield a brown viscous material. It consists mainly of maltose (about 
50 per cent.), starch, dextrins and glucose, and contains about 5 per cent, 
of proteins and protein breakdown products, and a wide range of 
mineral salts and growth factors, such as thiamine, nicotinic add, ribo- 
fiavine, biotin, pantothenic acid, pyridoxine, folic add and inositol. For 
use in mycological media it must not contain added sugar or cod4iver oil. 

Basal medium 

Malt extract 40 g. 

Agar . 20 g. 

Water . 1 1. 

Dissolve the malt extract and agar by steaming, filter through cotton 
gauze, adjust to pH 54 and distribute in 100 ml. amounts in stock 
bottles. Autodave at 115° C. for 15 min. 

Potassium teUurite solution 

Potassium tdlurite, KjTeOj . - . 0*5 g. 

Water 25 ml. 

Dissolve the salt, autodave at 115° C. for 20 nun. and store in a 
tighUy stoppered bottle in the dark. 

Preparation of eon^lete medium 
Basal medium . 100 nm 

Potassium tdlurite solution . . • • 1*8 nu. 

Melt die basal medium, cool to 55° C., add Ae tdlurite sohiboR and 
distribute as desired. 

The final concaitrati<Ni of tdlurite is 0*036 per ceaL 


tne ditiup k iked for sdective cultivation of yeasts and oeftsm 


3c 
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Nutrient i^ar 
Blood 
Penicillin . 
Streptomycin 


90 ml. 

10 mL 
300 units 
300 fig. 


Prepare solutions of penicillin and of streptomycin from sterile anti- 
biotics with sterile precautions. Melt the sterile nutrient agar, cool it to 
55° C. and add the sterile blood and the appropriate amounts of the 
antibiotic solutions. Distribute as desired. 


Malt Agar 

This medium is extensively used for the cultivation of 
well as parasitic yeasts and fwgi, its high sugar content 
suitable for this purpose. It is the best medium for highly 
strains of fungi. 

It is the basal medium described for tellurite malt agar. 

Com Meal Agar 

This medium (Benham, 1931) is used to investigate a yeast-like 
culture for the production of mycelium and chlamydospores. In the 
case of Candida albicans the appearance of the chlamydospores is diag- 
nostic. Their production is favoured because the medium is poor in 
nutrients. 


Com meal (ground yellow maize) . . . 40 g. 

20 g. 

Water 11. 


Heat the com meal in the water at about 60° C. for one hr. Filter 
through filter paper or gauze. Add water to bring the volume back to 
one litre. Add the agar and steam or autoclave to dissolve it. Filter. 
Autoclave at 121° C. for 30 min. The pH is about 6*8, requiring no 
adjustment. 

Zein agar 

Zein is the basic protein of corn meal and is a very effective substitute 
for com meal in inducing the formation of chlamydospores by Candida 
albicans. Zdn i^;ar (Reid, Jones & Carter, 1953) has the advantage 
over com meal agar of being clear, thus facilitating the search for the 
spores, and in giving more rapid and profuse formation of chlamy- 
dospores (within 24 In.) because of the absence of reducing sugar. Zein 
may be obtained from Brown and Poison, Ltd., London. 

2^n 40 g. 

Agar 15 g. 

Water 1 1. 

Heatthezeminthewaterat60°C.f{tf Ihr. Filter ffu:oug^g«iz9snd 
coarse filter paper, and make up to or^iiul volume wiffi dmfified wst^- 
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Add agar and steam at 100° C. for 30 min. If necessary, adjust pH to 
7*3-7‘6 (adjustment is usually unnecessary). Sterilise by autodavhig at 
121° C. for 15 min. 


Rice Starch Agar 

Like com meal agar, this medium (Taschdjian, 1957) is used to 
stimulate mycelium and chlamydospore formation by Cemdida aBucans. 
Rice flour is more easily obtiuned tlun American household yellow com 
meal. 


Rice flour . 
Agar 

Tween 80 
Water 


10 g. 

15 g. 
10 ml. 
1 1 . 


Bring the water to the boil and sprinkle in the rice flour. Boil for 30 
sec., stand for a few seconds and filter through cotton gauze. Add 
water to re-adjust the volume to one litre. Add the agar and Tween 80 
and autoclave at 121° C. for 30 min. 


Malt Extract Broth 

Malt extract 17 g. 

Peptone (Oxoid mycological peptone) . 3 g. 

Water 11. 

Dissolve the ingredients, adjust to pH 5*4, distribute and autodave at 
115° C. for 15 min. 


MEDIA FOR THE CULTIVATION OF SPIROCHAETES 

Of the three genera of spirochaetes, Leptospira^ Treponema and 
BorreUa, only Leptospira will grow readily in culture media. Noguchi’s 
(1912) is chiefly of ^torical interest but it hM been used fra: 

isolating some pathogenic boirdiae and for growing strains of Tr^mwna 
that are probably non-pathogcnic. .mi. 

Other better media are avaUable for cultivating Leptospira, These ate 
usually liquid because the organisms do not grow readily on the surface 
of solid media. A semi-solid medium is less readily evaporated and may 
be of special value in the tropics. 


LEPTOSPIRA MEIHA 
Modified EorihoTs Medium 

Blood serum is aft essential constituent of all Usptospira med« and a 
sourc® of suiltUo itcrotii ttiust be established* Choice of a suitsiHe 
tone is also necesasfj for Korthof *s x&edium because different batchei^. 
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even of the some brand of peptone, vary in their gpnwdi-promotit^ 
abilities. Witte pq>tone and Difco neopeptone are recommended but 
any good brand is likely to be suitable. A preliminary test should be 
made of each new batch before taking it into use. With precautions as to 
serum and peptone this modified medium (Alston & Broom, 1958) is 
good for the cultivation of Leptospira. 

' All glassware must be perfectly clean and free from any trace of soap 
or other detergent since these are lethal to spirochaetes. After the usud 
cleaning it should be thoroughly rinsed, preferably by soaking for 24 hr. 
in a phosphate buffer solution at pH 7*6 (see Stuart’s mediiun) and then 
rinsing in distilled water. 

Peptone salt solution 

Peptone 

Sodium chloride, NaCl .... 

Sodium bicarbonate, NaHCOg 
Potassium chloride, KCl .... 

Calcium chloride, CaClj .... 

Potassium dihydrogen phosphate, KH 2 P 04 . 

Disodium hydrogen phosphate, Na^HPO* . 2H20 
Distilled water ...... 

Steam the ingredients at 100° C. for 20 min. and filter through 
Chardin-type or double thickness Whatman No. 1 paper. TJhe pH 
should be approximately 7-2. Bottle in 100 ml. amounts and autoclave 
at 115° C. for 15 min. 

Blood serum . — Rabbit serum is generally foimd the most satisfactory 
though the sera of some larger animals such as sheep, horse or new- 
born calf have been used successfully. Individual rabbit sera may be 
inhibitory to leptospires because of agglutinins or other agents. For 
this reason the sera of several rabbits should be tested individually for 
agglutinins or by making separate trial batdies of medium from each 
serum. The suitable animals are retained to supply serum as required. 
Blood is collected from an ear vein or, preferably, by cardiac puncture 
and allowed to clot. The serum is pipetted off, inactivated by heating 
at 56° C. for 30 min. and sterilised by Seitz filtration. 

*‘HaetnogM>in" solution . — ^To the blood dot after removal of the serum 
add an equal volume of distilled water and Ireeze and thaw repeatedly to 
haemolyse the corpusdes. Sterilise by Sdtz filtration. 

Preparation of complete medium 

Peptone salt solution 100 ml 

Sterile blood serum 8 ml. 

Sterile “haonog^obin” solution . . .0*8 mL 

Mix ffie ingredients with sterile precautions. Distribute the medium 
in 2-3 ml. amounts in sterile screw-capped tfijou bottles (p. 728). Test 
steriUty by mcubating at 37° C. for 2 days and 22^ C. for 3 


o-oig 

o-o4g 

0-04 g 
0-24 g 

0-88 g 
1 1 . 
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Modified Stuart's Medium 

Stusrt 8 (1946) me^uin does not contain peptone and th^efore is not 
u 1° ^^anations m peptone. It contains phraol red to coi^rm Ae 
pri ot the memum aim as an indicator of contaminants whiA tend to 
the aaAty. Bryan's (1957) modification is described here. 

All glassware must be specially cleaned as for KorthoTs medium. 

Stock solutiom 


l^asparagine (dextro-rotatory) . 1 *3 per cent. 

iWonium chloride, NH 4 CI . 0-54 per cent. 

Magnesium chloride, MgCl^ . 6 H 2 O . 2*03 per cent. 

Sodium chloride, NaCl 0-58 per cent. 

Thiamine hydrochloride 0‘1 per 

Phenol red . . . 0 02 per cent. 


Prepare Ae stock solutions with distilled water and sterilise Aem by 
autoclavingatll5°C. for 15min. The salt solutions are 0-1 M. 

Phosphate ht^er solutions 
Potassium AhyAogen phosphate, 

KHjPO* (A) 9.078 g. per 1. 

Disodium hydrogen phosphate, 

Na 2 HP 04 . 2 H 2 O (B) .... 1 1*876 g. per 1. 

Prepare Ac solutions in disAled water and sterilise Aem by auto- 
claving at 121® C. for 30 min. A buffer solution of pH 7*6 contains Ae 
solutions m Ae proportion of 2*6 ml. of A to 17*4 ml. of B. 


Blood serum , — Serum is prepared as for KorAof’s meAum. 


Preparation of complete medium 
L-asparagine solution 

. 2 ml. 

Ammonium chloride solution 

. 10 ml. 

Magnesium chloride solution 

. 4 ml. 

Sodium chloride solution 

66 ml. 

Thiamine hyAochloride solution . 

. 0*4 ml. 

Phenol red solution 

. 10 ml. 

DisAled water .... 

. 91ml. 

Phosphate buffer, pH 7*6 

Sterile inactivated rabbit serum . 

16 ml. 

. 20 ml, 


Mix all ini^e Aents except Ae rabbit serum and steam at 100® C. fbt 
30 min. to drive off dissoh^ carbon Aoxide. Autoclave at 115" O i 
15 min. Add Ae serum wiA sterile precautimis^ distribute end test fipf 
sterili^SsfmrKorthiff’s medium. If AepHiscorrectthei!Bedium,i^ At 

amber oolw. 

To obtrih safisfiietDiy lesulm a laim inocidum, about ceiA el# 

preriQm,<|uhui#i]A!odiioed triA a mtem pi{^^ 
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Dinger’s Ikfodification of Nogu^’s Medium 

This semi-solid medium (Wolff, 1954) is slower to evaporate than 
liquid media, especially in the tropics. Subcultures can be made less 
frequently so that virulence is maintained longer. 


Nutrient agar, 3 per cent. 
Distilled water . 

Sterile inactivated serum 


6 ml. 
100 nd. 
10 ml. 


Mix the agar and water and sterilise by autoclaving at 121° C. for 
20 min. Add the serum with sterile precautions, distribute/ and test 
for sterility as for Korthof’s medium. I 


MEDIA FOR THE CULTIVATION OF ENTAMOEBJp 

The standard medium for the isolation of EntamoAa histolyt^ from 
faeces is that of Dobell and Laidlaw (1926) but Balamuth’s (1946) 
medium is an improvement on it and is suitable for the cultivation of all 
other entamoebae from faeces. 


Balamuth’s Medium 

\M phosphate buffer, pm -S ; 

Dipotassium hydrogen phosphate, K 2 HPO 4 , 174 g. 

per 1 8-6 ml. 

Potassium dihydrogen phosphate, KH 2 PO 4 , 136 g. 
per 1 1-4 ml. 

It is convenient to keep separate stock solutions of the two salts and 
to mix them before use. 


Stock solution of liver extract 
Liver extract 
Water 


5g. 

100 ml. 


Dissolve by boiling, filter and autoclave at 121 ° C. for 20 min. 

Preparation of complete medium 

Dehydrated .egg yolk 36 g. 

Sodium chloride, NaCl, 0*8 per cent, aqueous About 150 ml. 
Phosphate buffer, M/15 at pH 7*5 . 125 ml. 

Livo: extract, 5 per cent, aqueous 25 ml. 


Rice starch, stmile 


(1 loopful per 7-10 ml.) 


Mix the egg yolk with an equal volume of water and add 125 ml. of 
Miline. Stir vigorously with a rotary beater m* in a Waring blender. 
Heat in a covered double boiler for 20 min. after the temperature oS. the 
infusiim reaches 80° C. Make up the loss from evaporation with water, 
about 20 . ml. l^ng required. Esprras the eKfractthrou|^ a double 
<ffmu^ to yidd about 100 ml. of yellowidi fluid. Mtdteupflie vohiiho 
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to 125 ml. ivith saline. Autoclave at 121° C. for 20 min. Theydlowia^ 
sediment may be removed by cooling below 10° C. and filtering ibis 
is not essential. 

Add phosphate buffer diluted from \M to Jlf/15. Add liver extract, 
dispense in tall test tubes and autoclave. Make sure that the rice starch 
is thoroughly dry and sterilise it by dry heat at 160° C. for 1| hr. Dis- 
pense the medium in 7 to 10 ml. amounts in ordinary tubes nod add a 
loopful of sterile rice just before use. The final pH is 7*3. 

Jones’s Medium 

This medium (Jones, 1946) is best for routine passage of entamoeba 
cultures. It is easy to prepare and all amoebae grow in it. 


Buffer saUne solution, pH 7*2 
Disodium hydrogen phosphate, Na 2 HP 04 , anhydrous 


9*48 g. per 1 

Potassium dihydrogen phosphate, KH 2 PO 4 , 9*08 g. 

375 ml. 

per 1 

125 ml. 

Sodium chloride, NaCl, 0*9 per cent. . 

2,250 ml. 

Preparation of complete medium 

Yeast extract, autolysed, 1 per cent. 

100 ml. 

Buffer saline solution, pH 7*2 . 

850 ml. 

Sterile horse serum 

50 ml. 

Rice starch, sterile 

3g. 


Mix the yeast extract and saline. Sterilise by autoclaving at 121° C. 
for 30 min. Sterilise the rice starch as for Balamuth’s medium. Add 
the serum and starch and distribute the medium with sterile precautions. 

A suitable autolysed yeast extract is made by Marmite Limited, 
London. 


Diamond’s Medium 

This medium (Diamond, 1960) is suitable for axenic cultures of enta- 
moebae. It is clear and free from gross particulate matter; it is easily 
prepared and supports the growth of a large number of parades. 

Trypticase (BBL) or tryptone .... 

Yeast extract (BBL) 

Maltose 

L-cysteine hydrodiloride 

L-ascorbic acid 

Potassium dihydrogen phosphate, KH 2 P^ » 

Dipotassium hydrogen phosphate, KsHPO* . 

Water . . • • , ^ ^ 

Horse or sheep serum, sterile, inactivated at 56° C. 
for 30 min. . . • • 

Dissolve the dry iraredientsin watett Adjust to 7^ to 

sodium hydroxidb. Autodave at 121° C. for 10 mm. CooU Add the 


2 g. 

Ig. 

0*5 g, 

0*1 g. 
0*02 g, 
0*08 g. 

0 *D 8 g- 
90mL_ 

lOinh 
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senun and distribute in 10 soL aliquots to sterile sc^w-capped bottles 
with sterile i»:ecautions. Store at 4” C. till used. 

Subculture 1 ml. to each bottle of fresh medium and incubate at room 
temperature, not below 25° C. 

MEDIUM FOR CULTIVATION OF TRICHOMONAS 

VAGINALIS 

Modified CPLM Medium 

Media for T. vaginalis must provide a carbohydrate energy source; 
inorganic phosphate; proteolysed tissue to provide the so-odled pan- 
creatic ‘V* factor, amino acids, nucleic bases and possibly B mtamins; 
and serum to provide pantothenic acid, linoleic acid and other Uess well- 
defined nutrients. Johnson and Trussell (1943) recoiWended 
CPLM (cysteine-peptone-liver infusion-maltose) medium md the 
following modification of it (Smith, 1964) has been found satutfactory. 
Agar has been omitted from this modification because it coti^licates 
handling of the medium and of cultures in it. Methylene blue is omitted 
also. Phosphate as such is not added because there is sufficient of it in 
other ingredients. 

This medium supports growth from a single protozoon under strictly 
anaerobic conditions, the maximum population of 1-3 x 10* organisms 
per ml. being reached in 5-7 days at 37° C. Under aerobic conditions, 
massive inocula are required. T. vaginalis is an anaerobe and contains 
no catalase. 


Basal Medium 

Peptone .... 32 g. 

Maltose .... 1*6 g. 

Liver digest (Panmede) 20 g. 

Cysteine hydrochloride . 2*4 g. 

Ringer’s solution, I strength 1 1. 

Sodium hydroxide, NaOH, IN About 9 ml. 


The brand of peptone is not important. Panmede ox liver digest 
obtainable from iWes and Byrne Ltd., Greenford, Middlesex, can be 
replaced by 32 per cent, of any brand of liver infusion made according to 
the manufacturer’s instructions. Cysteine is not essential when cultures 
are incubated anaerobically but it assists the maintenance of anaero- 
biosis. 

Dissolve the ingredients by shaking. Adjust the pH to 6*0 with 
sodium hydroxide, steam at 100° C. for 30 min. and ffiter off the fine 
gjtey prec^itate with Whatman’s No. 1 or coarse paper. Bottle in % ml. 
lots and autoclave at 115° C. for 10 min. 

This medium keeps for several weeks. 

Pefdcillm strepton^cm solution 

Penicillin .... lx 10' units 

toepunnycin . . , 0*1 g. 

Staile water ... 10 ml. 
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Dizeolve Ae sterile antibiotics with sterile precautions. The soltaiicm 
contains 10* units of penicillin and 10* /xg. streptomydn per ml, It yritt 
keep up to 10 days in the refrigerator. 

Nystatin solution 

Nystatin 5 x 10* units 

Sterile water 10 ml. 

Suspend the sterile antibiotic in the water. The suspmirion contains 
5x10^ units per ml. It keeps in the refrigerator at less than 10° C, but is 
rapidly destroyed at 37° C. 


Preparation of complete medium 
Basal medium . 

Sterile inactivated horse serum 
Penicillin streptomycin solution 
Nystatin solution 


. 90 ml. 

10 ml. 
. 1 ml. 

. 1 ml. 


Before use, add the serum and antibiotics and distribute in suitable 
aliquots with sterile precautions. Serum from human, calf, ox, riieep or 
rabbit may be iised. The addition of antibiotics is unnecessary for 
routine subcultures but is essential for clinical diagnostic cultures and 
for isolating axenic cultures. Nystatin can be omitted unless yeast or 
fungal contaminants are suspected. 


MEDIUM FOR THE CULTIVATION OF LEISHMANIAE 
AND TRYPANOSOMES 

The classical medium for the cultivation of trypanosomes and Idsh- 
maniae is NNN medium, a solid medium devised by Novy and 
MacNeal (1904) and modified by NicoUe (1908). The following medium 
(Tobie, von Brand & Mehlman, 1950) (Mers from it in that it cons^ 
of two phases, blood agar and Lodre’s solution. Trypanosmnea in- 
cubated at 26° C. grow dispersed in the liquid and reach 20 x 10* per ml. 
in 10 to 14 days. They develop only to the proventrioular st^ Iftiie 
uninoculated medium is kept for six days the overlying liquid can be 
drawn and used as a liquid medium. In it trypanosoma, readi 
9 X 10* per i^. in 8-10 days. 


SoUd Phase 


Basal m^am 

Meat extract (Bacto-beef, Difco) 
Peptone (Baet(^pq>tone, Difco) 
Sodium dUmide, NaCI 
Agar (Bacto-agar, Difco) 

Water .... 


1- 5 

2- Sg. 


K 

SOOinL 


Dimolve the ingredients, adjuat ihe pH to 
hydroxide and anii^ve at 121° C. for 25 min. 


7*2-74 Mhli acHhtim 
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abated blood . — Whole rabt^ blood containii^ 0*5 pa: cent, of 
sterile sodium citrate is inactivated at 56° C. for 30 min. Human blood 
can be used, but the blood of different donors varies in suitability. 

Preparation of complete medium 
Basal medium ... 75 mi. 

Blood .... 25 ml. 

Melt the basal medium, cool to 45° C., add the blood and distribute in 
5 ml. amounts in sterile test-tubes or 25 ml. amounts in sterile flasks. 
Keep test-tubes in a slanted position and flasks upright until the medium 
has solidified. 


Liquid Phase 

Sodium chloride, NaCl 

Potassium chloride, KCl 

Calcium chloride, CaC^ ..... 

Potassium dihydrogen phosphate, KH 2 PO 4 

Glucose . . . . . 2*5 g. 

Water II. 

Dissolve the ingredients and autoclave at 121° C. for 15 min. With 
sterile precautions add 2 ml. to test-tubes and 10-15 ml. to flasks con- 
taining the solid medium. 


MEDIA FOR PRESERVATION OF CULTURES 
Egg Saline Medium 

This modification of Dorset’s egg medium, in which the broth is 
replaced by saline and no malachite green is added, is good for preserving 
cultures of Gram-negative cocci and bacilli. 

Beaten egg 75 ml. 

Sodium cUoride, NaCl, sterile 0*85 per cent, solution 25 ml. 

Prepare the beaten egg, mix and dispense the medium with ste^e 
precautions as for Ldwenstein-Jensen medium. Bijou bottles containing 
2-3 ml. of medium may be used. Inspissate in a slanted position at 
75-80° C. for 1 hr. 

If the medium has been prepared without sterile precautions it can be 
idlowed to cool for a few hr. after inspissation and then autoclaved at 
121° C. for 15 min. with the screw-cajM tightened. If the 8 crew-ciEq >8 are 
loose, some of the slants may be disrupted by bubbles of steam. 


Fungus Preservation Medium 

This is used to prevent pleomorphic variation in stock cultures of 
rii^iworm fungi. 
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Pqitone 30 g. 

Agar 20 g. 

Water 1 1. 

Dissolve the ingredients, filter through cotton gauze, adjust to pH 5*4, 
distribute and autoclave at 115° C. for 15 min. 


TRANSPORT MEDIA 

When the patient is not close to the bacteriological laboratory there is 
a risk that the pathogen in a bacteriological specimen may not survive or 
may be overgrown by non-pathogens during the time it takes to trans- 
port the specimen to the laboratory. Some media have been devised to 
protect pathogens during such a delay. 

Pike’s Medium 

This medium (Pike, 1944) is used to preserve Strept. pyogenes, pneu- 
mococci and H. influenzae in nose and throat swabs (Holmes & 
Lermit, 1955; Masters, Brumfitt, Mendez & Likar, 1958). It is blood 
agar containing 1 in 1,000,000 crystal violet and 1 in 16,000 sodium 
azide distributed as for stab cultures in tubes or bottles. 


Stuart’s (1959) Transport Medium 

This soft agar medium is used to maintain the viability of gonococci on 
swabs during their transmission through the post to a laboratory. 

It is essential that the distilled water used in the medium be free from 
chlorine. To ensure this, it should be passed through an ion-exchange 
resin column before use. 


Anaerobic salt solution 

Thioglycollic add (Difco) .... 
Sodium hydroxide, IN NaOH 
Sodium glyorophrophate, 20 per cent, aqueous 
Caldum chloride, CaClg, 1 per cent, aqueous 
Distilled water 


2 ml. 

. 12-15 ml. 
. 100 ml. 

. 20 ml. 

. 900 ml. 


Mix the ingredients, adding suflBdent sodium hydroxide to bring the 
pH to 7-2. 


Agar sobaion 

Agar 

Distilled water 

Dissolve by steaming. 

Preparation of compleU medium 
Anaerobic salt solution . • 

Ag^sohiriwi . . 

Methylehe blue, 0*1 per cent aqaeous . 


. 900 
. M. 

. 4iiii. 
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Melt the agar and add the salt solution. Adjust the pH to 7*3-7*4. 
Add the methylene blue and distribute in bijou bottles, filling nearly to 
capacity. Autoclave at 121° C. for 15 min. and immediately tighten 
caps. When cool, the medium should be colourless. 

Preptaratian of stoabs . — ^Make neat swabs of absorbent cotton>wool on 
applicator sticks and boil 5 min. in 0*07 M phosphate buffer at pH 74. 
Shake off excess moisture and immerse in a 1 per cent, watery suspension 
of f^ly potodered charcoal, such as BDH activated charcoal, twirling 
until the cotton-wool is black. Shake off excess moisture, place in test- 
tubes, plug diese with cotton-wool, dry in oven and sterilise in oven at 
160° C. for U hr. , 

Glycerol Saline Transport Medium for Enteric ! la^illi 

If there is likely to be a delay of some hours before specimensW faeces 
for culture reach the laboratory this transport medium prevents other 
intestinal organisms from overgrowing the enteric fever bacilli.' 

Glycerol 300 ml. 

Sodium chloride, NaCl . . 4-2 g. 

Disodium hydrogen phosphate, 

Na 2 HP 04 , anhydrous . . . . 10 g. 

Phenol red, 0*02 per cent, aqueous . About 15 ml. 

Water 700 ml. j 

Dissolve the sodium chloride in the water and add the glycerol. Add 
the phosphate and steam to dissolve it. Then add enough phenol red to 
give a purple-pink colour, judged by pouring a small quantity of the 
solution into a Universal container. Distribute in 6 nd. amounts in 
Univo'sal containers and autoclave at 115° C. for 20 min. 

The fluid should not be used if it becomes acid, indicated by a diange 
in colour to yellow. 

Bile Peptone Tran^KUt Medium 

This medium is useful for field work in hot climates where diolera 
may occur. Rectal swabs of faeces may be inoculated into the medium 
which is then returned to the base laboratory. Subcultures to Monsur’s 
medium should be made within 6 hr. if poss^le. If this is impracticable 
it should be subcultured to Monsur’s medium immediately on return to 
the base laboratory and then incubated at 37° C. overnight and sub- 
cultured again the next day. 


Trypticase or any good p^tone 1 g. 

Sodium chlmide, NaCl 1 g. 

Sodium taurocholate . . 0*5 g. 

Water .... 100ml. 


Di^lve the ingredients, adjust to pH 8*5 with sodium hydfoxidc. 
<hftribute into bottles and autodave at 121° C. for 15 mm. 



MILK AND WATER TEST MEDIA 7®1 

In order to nuke diu medium more selective for vibrios, vcerile 
potassium tellurite solution may be added after autoclaving to give a 
final concentration of 1 in 200,000 as for Monsur’s nwdium. Tlie 
medium is slightly turbid. It should not be kept longer than two wedu. 

MEDIA FOR THE EXAMINATION OF MILK AND WATlR 
Teast detract Agar 

This is a nutrient agar in which yeast extract replaces meat extract. 
It is employed particularly for making plate counts of the viable bacteria 
in drinking water. The formula given is that prescribed by the Ministry 
of Health in a Report on Public Health and Medical Subjects (1934). 

Yeast extract 3 g. 

Peptone 5 g! 

Agar, shredded or powdered IS e 

Water ! 1 1. 

The recommended brand of yeast extract is “Yeastrel”, supplied by 
the Brewer’s Food Supply Co. Ltd., Edinburgh. Dissolve the yeast 
extract and peptone in the water at 100® C., cool to room temperature 
and adjust to pH 7*4. Place the agar if shredded in a muslin bag, wash 
in running water for 15 min. and express excess moisture before aHHing 
it to the broth. Autoclave at 121® C. for 20 min. and filter hot throu^ 
paper pulp. Test the pH of the filtrate at 50® C. and adjust to pH 7*0 to 
give a fiiul pH of 7*2 when cool. Distribute in 10 ml. amounts and 
sterilise by autoclaving at 121® C. for 20 min. 

Yeast Extract Milk Agar 

This medium is used for making plate counts of viable bacteria in 
milk supplies and rinse waters from dairy and food utensils. It is the 
medium specified by the Secretary of State for the examination of milk 
supplies in Scotland under the Milk (Special Dengnations} (SccMiMid) 
Order, 1951. The medium is prepared in the same way asyerat octract 
agar, but 10 ml. of fresh or spray-dried, skim or whole milk is added po* 
litre of broth at the same time as the washed agar is added. 

MacCmdci^ Kle-Salt Lactose PeptiMm Watmr 

This medium is used for detecting the presence of coliform organisms 
in water and mi^ 

Smgk sfret^tk 

Sodium taurochdbte (commercial) Sg. 

PeptMie (any good nme) .... 20 g. 

Sodium dhkaide, NaO .... 5 g; 

Lactose . : . 

Sromocrnol purfde, 1 per solutiea m ethanol 1 nd;. 

NeutNd rdd, 1 pet cent aqueous solution . • S nd. 

Water . . .... . U- 
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Dissolve the bile salt, pe|>tone and sodium chloride, steam for 2 hr., 
cool and transfer to the refrigerator overni^t. Add the lactose and 
when dissolved filter cold through Chardin filter paper. Adjust the 
reaction to pH 7*4 and add the indicator. Distribute in 5 ml. amounts in 
1-oz. bottles or 6 X f in. test-tubes with Durham tubes and autoclave 
at 115° C. for 15 min. 

Double stret^th . — Make as above, but with double the amounts of the 
in^edients, except wrater. Distribute in 50 ml. amounts in 5-oz. bottles 
using 3 X f in. test-tubes as Durham tubes, and in 10 ml. amounts in 
1-oz. bottles using 2 x ^ in. Durham tubes. 

Brilliant Green Bile Broth 

This medium is used in the differential coliform test of wate supplies 
to eliminate false positives due to anaerobes. 

Ox bile . — Fresh ox bile may be used. Otherwise dissolve 20 dehy- 
drated ox bile in 200 ml. water and adjust the pH to 7’0-7*5. 


Preparation of medium 

Peptone 10 g. 

Ox bile 200 ml. 

Lactose 10 g. 

Brilliant green, 0*1 per cent, aqueous solution 13 nil. 

Water to . .11. 


Dissolve the peptone in 500 ml. water, add the ox bile and lactose. 
Adjust the pH to 7*4. Add the brilliant green solution and water to 
make up 1 1. Distribute in 5 ml. quantities in 6 x f in. tubes with 
Durham fermentation tubes. Autoclave at 115° C. for 15 min. 


Sodium Azide Medium 


This medium (Hannay and Norton, 1947) is used for the isolation of 
Strept. faecaUs from water. 


Peptone 

Sodium chloride, NaCl 
Dipotassium hydrogen phosphate, K 2 HPO 4 
Potassium dihydrogen phosphate, KHj[P 04 
Glucose ...... 

Yeast extract (Yeastrel) 

Sodium azide, NaNg .... 

Bromocresol purple, 1*6 per cent, solution in ethanol 
Water ........ 


10 g. 

5 g. 

5 g. 
2g. 
Sg* 

3 g. 
0*25 g. 
2 ihl. 

1 1 . 


Dissolve die ingredients. The medium has a |>H of 6 ’ 6 - 6’8 and no 
adjustment is necessary. Distribute in 5 ml. quantities in tubes. For use 
widi inocula of 10 or 50 ml cff wato*, a medttun of double this strength 
is |M^>aied and distributed in 10 and 50 nth quuitities. Sterilise in tht 
mtodave at 121° C. for 15 min. 
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It is necessary to identify a culture medium after it has been made and, 
as media sudi as the kinds of nutrient agar and the different sugar media 
are similar in appearance, it is essential to have some umple but reliable 
system of maridng . Gummed labels are generally unsatisfactory 
especially as they become detached in the steamer when soHd media are 
melted. Colours, either alone or in combination, are good for dis- 
tinguishing media. It is better to use a few outstanding colours alone or 
in combination if necessary, rather than different shades of a colour; 
thus, green, irrespective of the shade, whether it be light or dark, 
yellowish green or bluish green, always indicates glucose. The coloiu: 
may be indicated with coloured cotton-wool; or with cellulose paint 
applied to the caps of screw-capped bottles or applied as a small patch on 
glassware; or with coloured beads. 

Coloured cotton-wool can be used for tubes and flasks. Some other 
system is needed for screw-capped bottles and tubes with metal caps. 
The cotton-wool colour rar^ does not include gold and silver for which 
there are paints. 

Cellulose paint on the caps is the best method for small screw-capped 
bottles and tubes with me^ caps. Coloured beads are good for large 
bottles. Ordinary opaque glass beads, 6-7 mm. in diameter are suimble, 
but dear glaaa beads are not. Before use the beads are boiled twice in 
distilled water and dried in the incubator. The appropriate bead is 
dropped into the bottle before it is filled. Owing to the convexity of the 
bottom of the bottle, the bead remains to one side and is very ea^y 
recognised no matter what type of culture medium is used. On tilting 
the bottle for pourmg, the bead comes to rest on the shoulder and 
remains in this position, even when the bottle is almost completdy 
inverted. 

It is recommended that a standard colour scheme be adopted and the 
following system is su^ested, as it is already widely used. 


Nutrient broth and agar from dehydrated 

stock 

Infusion broth and agar . . • • 

Meat extract broth and agar 
Digest broth and agar . . ■ • 

Fildes’ broth and ^ar . . ■ ■ 

Casein yeast lactate (CYL) concentrate (Mar- 
shall and Kelsey) . • • * * 

Complete CYLG medium (Marshall and 

Kels^) 

Pqptone water 

Salt cooked meat broth • ■ ■ 

Serum Inodt and «gar . . • • 

Glucose btotb and ' 

iddM; bkio^ • • 

MacCdnlwy’aUiioidmedmm. Sini^strength 


White 

Yellow 

Brown 

Black 

Black/white 

Brown/white 

Brown/grem 

White 

Qrai^ 

Bhie/vddte 

Green 

Bed/biue 

1 red spot 
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MacC!onk<^8 liquid medium. 

Double 


str^gth .... 

. 


2 red spots 

MacConkey’s zgat medium 



Red 

Desoxycholate citrate agar (DCA) 



Red/orwge 

Tomato juice agar . 



Red/yellow 

Sabouraud’s medium 



Light blue 

Distilled water 



White 

Normal saline (0*85 per cent.) . 



Dark blue 

Glucose in saline 



Blue/green 

Saline agar bleeding tubes 



White 

1 

Media for Biochemical Teste i 

Citrate 



Orange/T^te 

Craigie tubes .... 



White \ 

Decarboxylase — ^Arginine . 



Pink \ 

Lysine 



White ' 

Ornithine. 



Blue 

Control . 



Black 

GilUes’ I and II 



White 

Gluconate .... 



Green/yellow 

Glucose phosphate for V.P. test . 



Green/orange 

H 2 S bro^ .... 



Blue/browq 

Malonate — Phenylalanine (combined medium 


of Shaw and Clarke) 



Blue/green 

Nitrate broth .... 



Brown/red 

Nitrite broth .... 



Brown/yellow 

Nutrient gelatin 



Blue 

Organic adds — Citrate 



Orange/white 

Mucate 



Mauve 

Dextro-tartrate . 



Red/black 

Laevo-tartrate . 



Brown/bladi 

Meso-tartrate 



Mauve/black 

Phenylalanine agar . 



Pink 

Plasma brodi .... 



Green/white 

Urea 



Mauve 


Fermentatioii Media (^'Sugan”) 

Where coioors are mentioned for which there is no coloured cotton- 
wool, a small patch of cellulose paint is placed on the tube itself. 


Adonitol 

Silver 

Inodtol 

Gdd 

Aesculia 

Brown 

Inulin 

Yellow and white 



Lactose 

Red 

Anibinose 

Blade and ]rellow 

Maltose 

Blue and white 

Dextrin 

Red and mauve 

Mannitd 

Mauve 

DexDrose 

Dtikiiol 

(see Glucose) 

Pink . 

Mannose 

Ra&iose 

Bbdc nictd green 
Red «ad wllte 
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£r3rthntii)l 

Bladk aiul red 

Fructose 

YeUow 

(laevulose) 


Galactose 

Mauve and white 

Glucose 

Green 

Glycerol 

Brown and white 

Glycogen 

Blue and yellow 


m 

Rhamnose Black an4 ptfik 
Salicin Pink and vmite 
Sorbitol Black and blue 

Starch YeBowandmauFie 
Sucrose Blue 
(saccharose) 

Trehalose Mauve Mid green 
Xylose Red and green 
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CHAPTER 48 

CULTIVATEON OF MICROORGANISMS 

USE OF CULTURE MEDIA 

General methods of cultum and preservation of microorganisms are de- 
scribed here. Special methods apphcable for particular purposes are referred 
to elsewhere, in the appropriate sections. 


PERSONAL PRECAUTIONS IN BACTERIOLOGICJ^ 
LAB(»tATORY WORK \ 

It is essential to wear an overall while at work. If any material rontainin|g 
pathogenic organisms drops on the bench, floor, clothes, apparat^, etc., it 
should be stenlised at once with 3 per cent lysol or a 0*1 per cent solu- 
tion of mercuric chloride. If the hands become contaminated they should 
be disinfected in a basin of dilute lysol or mercuric chloride solution, and 
workers should make it a rule always to wash the hands thoroughly after 
completing any bacteriological work and particularly when leaving the 
laboratory. 

It must be emphasised that in the laboratory labels must never be licked. 
There is always a grave risk of infection by this habit Labels snould be 
mmstened either by a drop of water on the finger or by a pledget of wet 
cotton wooL 

It is recommended that the worker refrains from smoking, particularly 
when dealing with cultures or infective material. No food should be con- 
sumed in a bacteriological laboratory. 

Precautions to be taken in carrying out special methods are referred to 
later. 

Bacteriological and pathological laboratory woilcers should consult the 
Report (1958) on precautions i^iainst tuberculous infection in die diagnostic 
la^ratory. This deals with the risk of tuberculous inf^on associated with 
work on material containing tubercle bacilli, not only in the laboratory but 
also in the animal house and post-mortem room; it simunari^ the precau- 
tions to be taken in the course of such work to avoid accidental infection. It is 
empfaaMsed that no protective face mask less complex and uncomfortable than 
the Service type gas mask will ^e useful protection against the inhalation of 
infected, aitrome partides. When worit is dene with dangerous pathogens, 
suchas^etuberdebadllus, it isreconunended that the procedures ^carried 
out in a protective “inoculation cabinet”, wluch is spedaify ventilated and 
contains an ultraviolet lamp for disinfection after use (see p«.794}. 


SEPARATION OF MIXED CULTURES AND ISOLAHON OF 
PURE CULTURES 

Isolatiptt of Poxo CiAaires.— Most studies and testa of the physio- 
l ogi c a l, imimiiiologtoBl and otirer characters of bacteria aie vaHd only wl^ 
name m a pmemittn, Le. an isdated growth of a siiigle absta 
aptibs asd^ o^ sdtir other bacteria. For tiiis reason,; h) die 
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diagnMtic examination of mixed infecdve material, an eiienrial preiindinury 
i$ the isolation of the pertinent orgamsm in a pure ^ture« This is aormally 
achieved by the mediod of ^^plating out** on a solid culture me^ism* The 
solid medium most used is nutrient e^ar, a preparation of nutrient broth 
jellified by addition of the ix>lysaccharide **agar^agar*’ (p. 733) ; it is usuafiy 
dispensed as a fiat layer in a shallow 'Tetri** disk The Mettid materiid is 
inoculated on the surface of this and spread out very thiidy^ Where the 
bacteria are deposited singly at sufficient distance from each other I cm.)« 

the whole progeny of eadi accumulates locally during growth to form a 
discrete mass, or caimy, which is readily visible to the mdced eye (a.g. 0^5-5 
mm« diam.). Each colony constitutes a pure culture, since it consists ex-* 
clusively of the descendants of a single cell ; it may be "pichcd** with a sterile 
inoculating wire to prepare a pure subculture in a fresh medium. Occarion*- 
ally a mixed colony is formed from two bacteria that have been inoculated 
close together on the agar, and this must be avoided. The maintenance 
of pure cultures necessitates the use of properly sterilised media, containers 
and instruments, and continuous covering against the deposition of dust** 
borne bacteria from the air; during inoculation, the culture medium should 
be uncovered only for a few seconds. 

The several techniques available for the isolation of pure cultures are: — 

1. By Plating Out.— I n most cases the method shown in Fig. 58 is 
employed. 




A wire loop, sterilised by heating in a Bunsen flame, and then allo^^ 
to cool, is diarged with the bacterial mixture, pus or other pathologic materi^ 
and smeared thoroughly over area A to give a well-inoculum* The loop is 
resterilised and then drawn from the weu-inoculum in two or three paiaBel 
lines on to the fresh surface of the medium (B, B, B); this process is repeated 
as shown in the Figure, cere being taken to sterilise and then cool me l^p 
between each sequeime. At each step the inoculum comprises the most distal 
part of the immediately preceding strokes* 

Wium selecrive media are befag employed, e.g. DCA, they can be mote 
heavily inoculated 59)* Several foopfals of the spectmoi are used to 
spread tbe wcU-iooculuin (A); the loop is lesterilised in a 
by mbbiitt it over eree A, and then lued to inoculate idle reotaindtr of tha 
plate by aaoeeasive panUdl atroto, C and D, dnnm in i^bedaooa 
inchcated in dw dhunaa. Usiiig dda netfaod vndi adbtdve 
mocidatioa ha vritb wa leaohing cbbauca well aepatatad eafiej i ti 
ofaoutve> in dia w)(li>^ioeufaaB« . * . . ndlsL 

Aa aMataaiive maiiMid ibr 4ii)»as » m employ t i^peadsr. 
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» otade b; bending a piece of glass tod, 3 nun. diameter, at a angle in 
die blowjupe flame, the short limb, for ^reading, being 1 in. long. 
Spreaders may be sterilised in the ^t air oveiL a numbin: being padced in 
a metal tin 'with a “press-tm” lid looad.y applied. Altemadvify, a steiflb 
cajHlli^ {Mpette held horizontally may be hmted about ^ in. from its Up in 
the pilot flame of a Bunsen burner. As the glass softens, the end of 
pipette bends at r^ht angles making a ^reader. A smaU amount of tin 
bfurterial mixture is placed on the plate with an inoculating loop or <a^all «7 
pipette. By means of a sterilised spreader the material is evenly distributed 
over the surface. The smeader is then transferred to a second plate, which 
is similarly inoculated. Thus the medium in the second dish is incoilated 
merely with the organisms carried over by the spreader &om the 

By diese methods the bacteria are ^dually 'wiped off the wire br spreader 
ao that thqr are ultimatdy deposited singly. Generally from eadl inmvidual 
* organism an isolated colony will grow; a single colony may be rabcultured 
on fresh media and so yield a pure growth. If there is any doubt as m wfae&er 
a pure colony has been obtained for picking, the colony should ' replated 
immediately on a fresh plate and a single colony picked from second 
platii^. In order to ensure separation, the surface of the medium be dry 
(see p. 725). 

Plate cultures should have the nature of the material, and also the date, 
written on the glass of the Petri dish by means of a grease pencil. Agar plates 
are incubated in the inverted position, ue. the lid of the plate is underneath 
and the grease-pencil writing should be on the portion of the dish containing 
the medium. On the other hand, gelatin, because it is liquefied by many 
organisms, is incubated with the lid uppermost and the necessary pen^ notes 
are made on the lid. 

Care must be taken in picking off single colonies, particularly when they 
are very close to one another, that the point of the wire does not touch any 
of the neighbouring colonies. The culture should first be looked at through 
the medium by holding it up to the light. The lid should be removed and 
the dish held round the side by the thumb and middle fii^r of the left hand. 
The colonies selected should be marked by |;rease-pencil rings on the bottom 
of the dish. To pick off the colony, first at down with both elbows on the 
bench. Hold the plate vertically with the left hand, then grasp the holder 
of the wire like a pen, with the fingers quite close to the wire. Steady ffie 
right hand by placing the little h^er on the left thumb in the way artists 
support the l^d when painting, '^e sdected colony is then easily removed 
'Without touchily the others. Lay the plate on the bench, withdraw the 
right band to die other end of the holdm' and inoculate the requited medium 
in die manner previously described. 

P&tfe Cfdture Microscope. — Several makers produce low-power binocular 
inagnifien idiich are extremdy useful for examining plate cultures of organ- 
isms; they have a loi^ woricit^ distance so that a ^ony can also be {fidted 
off the pl^ while tiring the instrument When dealing with bacteria fiwmii^ 
-small ddicate colonies, or where the colonies of the desired 'Oiganian are 
few in number, the low-power trinocular is invaluaUe. A magimcation of 
ten fliameters is useful for general woric, but 'with interchangeable eye>]fleees 
and otriecdves, magnifications from rix te thirty diameters are available. 

2. Ihr PLATOto ]^K:niAL DiumoNS or T8 b Inocolom.— A aeries of 
tubes or botdes of melted agar or gelatin are inoeiilated with auccesrive deoBial 
dihitkms (ff dw infbcted mriedal and thm the niedhnn in each Who is poured 
into a Petri <fish and allowed to sdidify. BytflludoiLdtebacft^ ritesep^ 
Oded from oi» tmother, and on incubadrm ^ residthig coioides Me 
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nng^ytiuoughottt the aoUd medium. Acoloi^may be poked for wbMdtnce 
by prichiog throu^ the iigar to it with the point of an iiMKidMtkg uvue* 
1 Bt Hbatino AMD Subsequent Plating.— T fan method k enjoyed 
when the organinns to be obtained in i>ure culture ate mote re^nmt to 
heat than the remainder of the bacteria presents The method appUes 
espedhdly to spore-beating organisms, such as the dostndta, tihe WWO of 
which survive foe healing. Ine mixture of bacteria is heated to w** C* for 
half an hour and then plated. From the spores, individual «v<foi>ka. develop, 
and foese may then be picked off. 

4. Bt Shake Cultdbx in Tubes. — ^This method is sometimes used fo 
the separation of anaerobic organisms. 

5. Bt the Use of Selective Media.— Media sufo as desoxycholate- 
dtrate-ag^ for foe SalmoiuUa and Sh^dla groups, Dieudonnd’s for ^ 
cholera vibrio, foe tellurite media for the diphteria bacillus, etc., have been 
devised so foat foe n^jority of foe oiganisms other than those for whidh 
the media are used will not grow, and foe isolation of pure cultures is fous 
facilitated. 

6. Bt Animal Inoculation.— Advantage is taken of foe fact foat 
laboratory animals are highly susceptible to certain orgaoisms — ^for example, 
the mouse to foe pneumococcus. If a mixture of organisms containing foe 
pneiunococcus, e.g, sputum, be inoculated subcutaneouriy into a mouse, the 
animal dies of pneumococod sroticaemia in 24-36 hr., and from ^ heart 
blood the organism can be obtained in pure culture. Similarly foe tuberde 
bacillus can be isolated from contaminatir^ organisms by inoculation of a 
guinea-pig. The tubercle badllus is found in a pine state in the resuhmg 
lesions. 

INOCULATION OF CULTURE MEDIA 

According to foe nature of foe medium and foe inoculum, various 
mefoods are employed for inoculation, and foe following instruments are 
commonly used: 

Wire Loop . — ^The original type of inoculating wire was of platinum, 
No. 23 SWO, 2| in. teng, but, owing to the h%h cost of platinum, 
“Nichrome” or “Eurd»” resistance wire. 

No. 24 SWG, is now generally used. One 
end of foe wire is fomd into a glass rod, 
or inserted into a special aluminium holder. 

The other end is bent in foe form of a loop, 

2 mm. internal diameter, care being taken 
that the loop is flat and completely dosed. 

The wire is sterilised by holding it ver- 
tically in a Bunsen flame so foat the whde 
lengfo becomes red-hot at the same time. 

A wire charged with certain ^wths, e.g. of 
the tiiberde badllus, shoula be sterinsed 
slowly in the cooler part the flame, or a 
hooded Bunsen burner should be used (see 
diagram), as particles of underilised culture Fio. 60, 

Ruy ‘*sii^’* fnm rim wilt on to the bmcb. 

The loop k the raoatttsefld of foe inomlating wires. IttakesupaoonsidmdHe 
smount of sdid oiltum, or a hem di^ of fluid. 

f;»a4to.»%u^TiikkdEaflarfofoefon^pc^ 
ItkuacdforttifomdtamSkaiidaboforpkkkigotfda^ > 
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£of^ IFtr«.r*-A -mre 4| in. long nwunted cm a htdhia: is 

for 4eq>-«tab iiUK»i]«tion wben worldog with anaerobes. 

7%^ Ws% particularly with a kop, is veay useful on account of its 
ligtdily for lifl^ thidc viscid sputum and tenacious growths. 

Stmpd. — This instrument, sterUised by flaming, is used for nudung 
inoculations with scrapings from tissues and ulcers, etc. 

Sterile Pipettes. — ^Bulb pipettes (10-100 ml.) are used vidien large 
amounts of fluid inoculrun have to be added to a medium, and graduated 
l*ml. or 10-ml. pipettes when the inoculum is between 0*1 and 10 im. These 
pipettes are stoppered with a cotton-wool plug in their upper end to guard 
agamst contamination of their interior or accidental aspiration of their 
contents. Because of the danger of infection, they should not be placed 
directly in the mouth, but should be operated either with a rubber jteat or with 
a mouthpiece which is attached by a length of rubber jibing and 
sterilised by flaming (see p. 909 for details). 

Stebilb Capillary Pipettes. — ^TheSe are made by heating th^ middle of 
a piece of glass tubing, 5 mm. bore and 20 cm. long, and when melted pulling 
out the two halves; &e capilla^ formed in the middle is broken after cooling 
and two pipettes are thus obtained. The capillary ends, which shotud not be 
too diin, are sealed in the flame, and the other ends are plugged with cotton- 
wool. They are placed in a large test-tube {e.g. 8 x 1| in.), which is then 
stoppered with cotton-wool, or covered with paper or aluminium foil, and 
sterilised with dry heat. Before use, the tip of the capillary portion is broken 
off and a rubber teat fitted to the other end. An alternative method is to 
prepare the 8-in. lengths of glass tubing with cotton-wool plugs in each end, 
wrap them in bundles of 8-10 in kraft paper, sterilise in the hot-fur oven, 
and draw the capillaries in a flame just before they are required for use. 
These pipettes are very useful in many bacteriological manipulations. 

Capillary Pipettes Delivering Measu^ Drops. — Small measured 
volumes are conveniently delivered with sterile capillary pipettes that have 
been prepared to give drops of a known volume. The plj^ttes are drawn 
from glara tubing as described above. When cool, the capillary is inserted 
into the appropriate hole of a Morse drill »uge and pressed through until it 
enpiges. For water drops of 0*020 ml. the hcfle used is Morse 59 (t.e. 0*041 in. 
(fiameter), for 0*025 ml. Morse 55 (0*052 in.), for 0*030 mL Morse 52 (0*063 
in.), for 0*035 mL Morse 47 (0*078 ul) and for 0*040 ml. Morse 43 (0*089 iru). 
ixactly at its point of impaction in the hole, fire capillary is scored with a 
glass-cutter (e.g. a vulcanite carborundum disk), and broken off sqtuuely. 
The pipettes ate then plugged in their wide end with cotton-wool, packed 
in a ^ge test-tube and sterilised in the hot air oven. In use the ^pette is 
fitted widi a teat, filled with the liquid and bdd vertically with the tip down- 
wards. For accurate work the drops Ehouldire eipeUed at the constant rate 
of about 40 per minute, t.e. taking about H woonds for the gradual oipt^on 
of one drop. Hie drc^ nze may differ in the case rff liqaias^ with 

difforoit densities and surface tensioitt from that of wMer, and the p^tttte 
shmild be calibrated directly for die particular Itipiid by nmsuriof dw 
vdume of 100 drops. For further detaw consult A Slystm qf BtuUrw^t 
Medical Researdi Council, 1931, voL 9, pp^ 174-83. 

Tecimiqtie of iDoottfaidsf Me dfa w* in Tidset 

Ihe fr^wirig routine methods ar» laoaiiUDeiKled. 

gt thdur fewer ends between ute thundi ami first two fiofem of ' 
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\nth tibe ali^od sunGace of tihe medium towards the woii(er« 'Uto-toj^ oon^ 
taining die growth should be on the left and the umaooilated tub^<M8dke tighiL. 
With the right hand loosen the cotton-wool stoppos by rotating them in tlie 
moutha of the tubes so that th^ may be removed eaaly. Take the holder 
of die inoculating wire at its end between the thumb s^d fimt^ two fingers 
of tte right hand (as in hcdding a pen). Steri^ the wire by it 

vertically in the Bunsen flame. Remove the stopper of die tube few whidi 
the inoculatkm is to be made, udth the crodbed third finger of die cigh^ hand, 
and flame the mouth of the tube. Pass the wire into the tube and touch a 
portion of the medium free from growth to ascertain if the wire is suffidendy 
cool. If too hot, the wire will melt the agar, causu^ a furrow, and might, 
of course kiU the organinns in removing the growth. When the wire is cool, 
the growdi is scraped from the surface, care beii^ takmi not to wound the 
agar. Withdraw the wire, remove the stopper from the other tube with the 
crooked litde fii^^er and flame the mouth of die tube. Insert d^ wire chatg^ 
with the gro^ wd ligfady onear the surface of the agar. Wi^draw the 
wire and sterilise it, flame the mouths of the tubes and replace the stoppers. 
The nature of the inoculated material and also die date should be written 
on the tube by means of a grease pencil, or on a gummed label whidi is thm 
aflhced to the tube. 

For siab cultures, the tubes are held similarly and the straight wire charged 
with bacterial growth is plunged into the centre of the memum, care bdtog 
taken to withdraw the wire in the same line to avoid splitting of ^ medium. 

For shake cultures^ igar or gelatin medium in tubes is inoculated in the 
melted condidon at a temperature that keeps the medium fluid but is not 
immediately lethal to the organisms inoculated, e.g. 45‘’-50° C. The contonts 
of the tubes are mixed by rotation between the palms of the han^ aund then 
poured at once into a Petri dish, or left to solidify in the tube so that cokinies 
may develop in the depth of the medium, as whim separatum anaerobes. 

In iuoculatmg a fluid medium, such as broth, from a solid culture, tibe 
tube should be inclined almost to the horizontol and the growth on tiie 
deposited on the wall of the tube just above the surface of the fiquid at the 
lower end of the tube. On returning tiie tube to the vertical position the 
inoculum is bdow the surface of the broth. 

Techniqiw of Inocult^uig Medium in Sorew<Ci9ped Bottles 

When inoculating medium in screw-capped bottles, essentially the same 
procedure is carried out as for tubes. Before the bottles are held in the hand 
it is advisable to loosen the screw cap, as this is often 
tightly screwed. If the Ciq» are very tight they can 
easily be loosened by means of a bored-out rubber 
bung, a sectfon of wm^ » shown in the figure. A 
bung about 2 mchesacross is suitable, and by means 
of a coritoborm a number of holes me bored in a 
slanting directicm round a diameter of 1| inchesi m 
that tlm whtde oemne » removed, ieavuig a omiiad- 
riiapedcavi^. It iafudEembleio have the vnB ridged, 

M tt gam &e mme earily. The bm^ can be 
held in ^ lu^ at sjuitalifly mtnmted just bmow the 
of the bench. 

For moadatkm^ the bottles are hdd exactfy as teat-tubes, and dm ag>>|l 
heldmtbeamm wayastfaecotton-wodstoftper. TbebattiMamdsmuar 

Tbe 
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cap is now IccsdyaciewedtMa, and wl^ tiw bottle is ceady for dto UMasbaior 
the 8crew>cap is tightened if con^dered neoematy. 

laocalatfam Hood or Caldiiet 

It is advisable, as far as possible, to cany out certain inoculation pro* 
cedures under a hood hi order to minunise thechances (^ae^ contamination. 

A suitable size of hood is 5 ft. wide, 5 ft. de^, 7 ft. 6 in. U^h. It fits 
over the bench to form a completely «iclosed chamber and is entered by a 
slidii^ (not swing) door. All sides above the bench level consist of windows. 
Ventilation is seemed by two holes in the roof ; from the top of each is attached 
a vent pipe 3 in. wide and 18 in. long, and turned at right angles. Tlie bench 
on wU^ the ho^ is fitted should have a gas sup^y for the Bunsen bumn:, 
and it » convenient to have a pipe from the roof 3 in. in diameter with a 
funnel-shaped opening situated 24 in. above the bendi tem, under wfoefa 
die Bunsen burner is placed so that the gas fumes are lea cueedy away. 
The hood may be lighted by an electric lamp suspended from tM roof. 

Tie table under me hood is covered by a towel soaked ini : lOwmercuric 
chloride soludon, so that any organisms deposited in dust are^estroyed. 
The advanta^ of the hood depends on the relative absence of dust and air 
currents, which are likely to produce contamination of medium, etc., exposed 
in the process of inoculation. The inoculating hood may be used with 
advantage in the preparation of blood agar plates and other highly nutritive 
media, and in conducting autopries on animals under aseptic conmtions. 

A more simple inoculation box which is movable can easily be constructed 
as shovm in the figure (Fig. 62). TheftameismadeofwoodandithasarioiHng 
glass vrindow in front, and two apertures whereby the hands and jarms can 
be inserted to cany out the necessary manipulation of the cultures. A 
convenient size is 3 ft. wide, 2 ft. deep and 3 ft. h^h. 

Proteetioe inocuiatim cMneU — When woric is done with dai^^erous patho- 
gens, such as the tuberde bacillus, it is advisable that procedures are carried 
out in a cabinet fitted with a ventilation system that does not allow contamina- 
tion of tile laboratory air and an ultraviolet lamp that can be used to (foiinfect 
the calrinet after the work is finished. A suitable cabinet has been described 
by VnUiams and Lidwell n957). Convenient cabinets are available commer- 
cially, e.g. the “Bassaire” cabinet supplied by John Bass Ltd., Cravriey, 
Sussex. These “protective” cabinets are also quite suitable for carrying out 
“dust-free” inociuations and other procedures. 


INCUBATION 

Students and others commoicing vrork iiTa bfooratory riiould Isnuliarise 
themadfres with tiie mechanism of the incubator, wherriiy any derived 
tempMstuie muf be constantly maintained. Inculntors nu^ be heated by 
de cmd t y , gtt or acotuding to tiie fodlitiea of tiie hboratory. 

All bacterudogical laboratmies have one or more iimidMttots wodting at 
37”C. Tin temperature, which is the optanumfinrpracticaUy all pathpgiteh: 
oigamaafn, is tiite t^ttred te wlnn speriung of incubation whhout meiiriimdhg 
tin tenc^perwtiire. 

Some hfooratoiies have a warm room heated by gas or deetric%, and 
ka^ Id 37? CX, in wfikli luge quantities of materirii esa be iocidMOuL the 
room has a eqpdating meemmiam rinalar to the ternary iucubater to ken 
the teni p e r a ta re constant, and if dectrically heated it ahould be fitted win 
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a device to cut off the curreat'for the room at the Tnaiti awitdi if the tentr 
perature rises dx>ye 40*’ C. 1 .,’ ' 

Other tatqteiatares for iocubatbn are 30° C., used £nr offtital^ 
stapfayiocoed and leptospirae, 25-28° C., used for many foi^ aOd 23!* w 
(“cool incubator”), used for certain fon^ and for griatin cnHuret. (Odbthi 
medium mehs at about 24° C.). 

^ In order to prevent dryii^ of the medium in test-tubes vriten prolonged 
incubation is necessary, as in the cultivation of the tubcA hs^ttna, tifo 
mouffis of the tubes are seded with paraffin wax, or eovond w^ ^^ecisl 
rubber caps. Under these circumstances, however, we strongly adrise that 
screw-capped bottles should be used instead of test-tu^. 



HINGED FRONT WHICH 
CAN BE OPENED 


APERTURES (FOR INTRO- 
DUCING THE ARMS) 
COVERED BV CAUCO FLAPS. 


Fio. 62. 


METHODS OF ANAEROMC CULTUBE 

Obligate anaerobes are defined as organiams ffiat wUi grow oofy in Ihe 
absence of fine meygen. The method UM^ employed to esttddiBhwa^ 
conditiims is to nanotn oxygen fiKun t)» ato^hem surround^g! ihn 
the oxygen is somedmes replaGed by tm inert p$. 

The sinmlest method m securing anaettdbiesis is by Ibe 

unumsdhftnedimm. IkNpsgartiffmsmtrimrMtosiiariefin^ 
purpose. Tlu» addttfoa of 0*5 por cent riaoose to riw luedhNri bt si 
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acta as a redtidng agent, and fiirther serves as a suitable pabulum for bacterial 
gmivth. The agar may be inoculated when solid by n^ans of a lone straight 
wire. The colonies develop best in the depth of the tube, becoming fewer 
and mailer towards the surface. No growth is usually noted in the top 
half-inch of the medium. An alternative method is to melt the agar, cool it 
to 45** C. and introduce the inoculum by means of a capillary pipette. The 
contents of the tube are mixed by rotation between the palr^ of the hands. 
The agar is then rapidly solidified by placing the tube in cold water. The 
colonies develop in the deep portions of the tube, usually separated from 
one another. 

A convenient method is the use of semi-solid agar medium. A fluid 
medium, e,g nutrient broth, is heated in boiling water and to it is added 
one-tenth of its bulk of melted 2 per cent, nutrient agar. On cooling, a 
semi-solid **sloppy” medium results which can be used as it is, but is usually 
enriched with glucose, 0-5-1 per cent,, or other reducing agent such as 
sodium thioglycollate, 0-1 per cent, (Brewer’s medium, p. 756), or ascorbic 
acid, 0*1 per cent. If the semi-solid medium is tubed and kept for any 
length of time it should be placed in boiling water for ten miimtes and 
allowed to cool before use. ' 

Glucose broth can easily be rendered completely anaerobic. Long tubes, 
8 X I in., are half-filled with the medium and are placed in the steamer for 
half an hour or in boiling water for 5 min. Sterile melted petroleum jelly 
is then poured on the surface of the medium and the tubes are rapidly cooled. 
The heating removes aU oxygen, and the petroleum jelly effectively seals the 
medium from the air. Inoculation is made by means of a capillary pipette 
after melting the petroleum jelly. Gas-produdng anaerobes should not be 
cultivated in this medium, as the gas formed will force out the petroleum 
jelly seal. 

Robertson’s cooked-meat medium is also very useful for anaerobic work. 
The sterilised muscle tissue contains reducing substances that are effective 
in maintaining anaerobic conditions at the bottom of the tube. The reducing 
activity of the meat is shown by the pink colour in the lower layers due to 
the reduction of haematin, 

A convenient method of converting broth and peptone water media, 
gelatin and milk for anaerobic use is by the addition of iron strips, about 
25 X 3 mm. in size, cut from 26 gauge or other thin sheet iron (which is really 
a mild steel containing less than 0*25 per cent, carbon). Alternatively, 
ordinary iron nails are suitable. The iron nail or strip is sterilised by flaming 
and dropped while hot into the medium. The medium is inoculated and 
incubated in the ordinary way, the iron ensuring anaerobic conditions. 
Sugar reactions may be noted and tests for indole may be carried out after 
24^8 hours’ incubation. The results should be read before the heavy 
deposit of iron hydroxide masks the reaction, but this is minimal if the iron 
is completely immersed in the medium. 

Mdiitoth and Fildes’ Jar 

To grow anaerobes on the surface of solid media it is necessary to provide 
an atmosphere free fiom oxygen. This is achieved by the use of McIntosh 
and FQdm’ jar or a modification of it. 

The |»i|miple is that spongy palladium or ^ngy platinum acting as a 
calalytk agent causes the stow combination of fa^og^ and oxygen to forih 
water. ' < ^ 

The jar kitelf (8 X 5 in.) should be made of txietal, and has a 
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lid that can be claiRped doivxL Glass jars have been used in the {Ml htiti aa 
explosions occasiDn^y occur, their use is not justified. The lid is Inmished 
with two tubes and taps, so that hydrogen tnay be introduced into the jar. 
Suspended from the lid by means of two stout wires, which aie connected 
to tenmnals, is a small grooved porcelain spool around which it wound a 
fine coil of resistance wire, the ends of which are cozmected to the two wires 
supporting the spool. Around the spool is wrapped a layer of psfladinised 
asbestos. When an electric current is passed through the reststance wire on 
the spool the spongy palladizun is heated. The spool is surrounded with wire 
gauze which, on &e principle of the Davy lamp, prevents an explosion of 
me hydrogen and oxygen mixture. The electric terminals must be connected 
to the mains through an appropriate resistance, such as the rheostat supplied 
for the purpose by certain manufacturers. 

Petri dishes or tubes are placed inside the jar, and also an indicator to 
show that anaerobiosis is maintained. The Petri dishes are placed in the 
usual way with medium uppermost and lid downwards. It is advantageous 
to separate the lid from the rim of the dish about 1 mm. by the insertion 
between them of a bent pin or fragment of blotting-paper; this prevents 
sealing of the lid by condensed moisture. 

The rim of the jar is smeared with petroleiun jelly and the lid damped 
firmly in place. One tap is closed and the other connected with rubber pressure 
tubing to a water-pump or mechanical pump. This is used to evacuate at 
least Aree-quarters of the air from the jar, preferably redudng die remaining 
content to less than 60 mm, Hg absolute pressure. Evacuation of most of 
the air from the jar before aeSnitting the hydrogen prevents trapping of 
oxygen in Petri dishes and tubes that are too tightly dosed. The tap is tlMi 
tightly dosed and the other tap connected with rubber tubing to a hydrogen 
supply. Hydrogen is allowed to pass into the jar through a smdl waA 
bottle until the jar is full. The electric current is now switched on so that 
the palladinised asbestos may be heated. The combination of hydrogen 
and oxygen takes place quietly in the jar. Water is formed, and more 
hydrogen enters to take the place of the hydrogen and o^gen consumed. 
When hydrogen stops bubbling into the jar, usually within 20 min. or so, 
the tap is dosed and the hydrogen and electricity supplies disconnected. 
The jar is placed in the incubator, and an indicator tube containing methjdene 
blue (see bdow) should remain colourless, showing that complete anaeroUosis 
is established. 


Simple Form of McIntosh and Fildes* Jar 

Another form of the catalyst for a McIntosh and Fildes’ jar allpR^ the 
jar to be set up more quickly and may be prepared jnexpensivety. It is 
active at room temperature and does not require heating dectrica%. 

The catalyst is made by dissolving one gram of Radium chloride ^ 
10 ml. of distilled water containing a few drops of concentrated hvdroc^otie 
acid; 1*5 g« of asbestos wool is saturated with this solution and aric4« 
asbestos is teased out as finely as possible and heated in a smoky fiamie until 
black, and tl^n roasted in the outer pait of a Bunton fiame tiU the bladk 
vanishes, The catalytsk; activity of the prtpamtion may he tested 
a fine of hydrogen on to it, when the asbitetos should j^ow and kni^ me 
gas. This amount of cataly^ » sulBrient for about 6 cSpsolea nted# W 
apreadir^ palladinised asbestos in a thin layert a^|Uk en 

of a sheet^of 30-40 mesh brass or copper gauze, in., 
other half and turning in the edge of tne two 
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Stored in a d^ pIaoe« prefmbly in a desiccator, Mmstuxe deposited the 
surfiace inhibits cata^c sicttvity; it is removed befmre each use by headng 
the capsule in die outer part oi a Bunsen dame. Inaixdve palladium sul|^de 
may be formed from hydrogen sulphide evolved by cmtures in the jar. 
When this happens, it is best to discard the capsule. 

Place the cmtures and an indicator tube into an airtight container fitted 
vrith an inlet tap and a capsule in a dip under the lid. Seal the lid by pressing 
plastioine between its edge and the jar rim. Connect the ta^ to a p^p and 
pressure gauge, and exhaust two-fifths of the air from the jar (t.a. to about 
450 mm. Hg absolute pressure); ensure that, the jar is not leaking at this 
stage. Close the tap, connect to the hydrogen supply via a small wa^-botde 
and open the tap to let the jar fill with hydrogen. After the initial inrush of 
hydrogen there is a pause followed by a secondary bubbling (as hydrogen 
is drawn through the wash-bottle into the jar to replace the hydrogen and 
oxygen that have combined due to the action of the catal 3 ^t;Athi 8 second 
in^e is evidence that the catalyst is active. When it has occurred, dose 
the tap and transfer the jar to the incubator, where the catalysed combustion 
will continue, the volume of hydrogen now in the jar being sufficient to 
utilise all the remaining oxygen. 

There is no need to wait forther until hydr^en completely stops bubbling 
into the jar and this, in addition to the avoidance of electrical equipnmt 
and connections, is a great advantage in comparison with the use of jars 
with electrically heated catalysts. 

An anaerobic jar which operates with a catalyst active at room temperature 
is commerdally available.^ This jar is provided with a capsule containing a 
semi-solid indicator of anaerobiosis fitt^ externally to a side arm. ^ 

Hydrogen Si^^ly 

A hydrogen supply may be obtained from a Kipp’s apparatus by the 
action of sulphuric add on zinc. The gas must be punned by passing 
through three wash-bottles containing: (1) 10 per cent solution of lead 
acetate, to remove sulphuretted hydrogen; (2) 10 per cent solution of silver 
nitrate, to absorb arseniuretted hydrogen; and (3) a mixture of pyrogalHc 
add and caustic soda, to remove oxygen. 

It is more convenient, however, to obtain hydrogen from a cylinder con* 
taining the compressed gas. The commerdal hydrogen so obtained is 
suitable for use in the various snaerobic apparatus employed. The hydrogen 
cylinder cannot be connected direedy to the McIntosh and Fildes’ jar, as 
the pressure is too great It should be fitted with a reduc^ valve to deliver 
hydrogen at a constant pressure 2*3 lb. per square inch) which can be 
pr^etermined or altered at will The gas is then passed tnrough a small 
wash-botde containing water in ord^ that its rate of flow may be observed, 
and to detect when no ftuther hydrogen is drawn into the anaerobic jar*- 
a state which is readied when aU the oxygen in the jar has comlrined with 
hydrqgen. 

A veiy simpfe dteimdve m^dicd is to attach an ordxnasy fcKitball tdidder 

to the kf dxogea cylinder. The gaa ia tnmed on and the tdadder inflated* 
The gas 18 th^ turned oS and the tube of the bladder dosed by a screw dstnp> 
and removed from the cylinder. Tbc hxBmiMliM&fp m connected hy its 
tube to the anaerobic jar via a wash bc^ (See dtegtsm>p« 799). ThewaA 
bottle shows when hydrogen is flowing into the jar. Since the flow can be 

Baird Jk Tstlock Led., Chsdwdl Heath, Esiez, Bndand. 
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judged fiwm ^ dwnge in tbe #i*e of the bladder, the wash bottle can 
omitted and tlw bladder be attached (Urectly to the jar. 


Indicator ni Anaecoidoida 

Ihe indicator of anaerobiosis conauta of a mixture in li «titom>trool 
plugged tert-tube of equal vohimea of (a) 0*1 iV NaOH 6 ml., wa;ter to 100 mL, 
(i) 3 ml t per cent, vatery methylene blue, water to fc) 

6 g^. to 100 ml, and a amall crystal of dlymol; the mh^ is 
boiled until it l^mea colourleaa and ia at once placed in the jar. Hifc 
indicator, when in the jar, ahould remain colourleaa except for a aUght tinge 
of blue at the top, which diaappeara during incubation. 



CULTIVAHON in an AT&fOSPHERE WnH 
AinaiD CARBON DIOXIDE 

Certain oiganiama will grow only when carbon dioxide ia added ^ ^ 
atoiosphere surrounding them, e.g. Br. abortus, and some grow better in such 
ttmospheies than in ordinary air, e.g. oneumocoocua, etc. A convmueht 
method ia to use tin containera, size 8 X 10 in., with press^n lids, and capadto 
of about 3| litres.^ carbon dioxide is generated in ^ tin itscff fram 
marble and hydrochknic add. Hie cultures, eidier in Petri (fishes (mcloaed 
m a simple wire badmt) ot in tubes, are ^bced in the tin togtiber widi an 
open tube, 8x 1 in., containing 10 mi. (excess) tdZN hydiodUoric add. - A 
marble dim of abcmt 0*7 g. (weight nm mily be i ^ roaamate) is dropped 
into the aad and the fid messed on. (Nets— 1 g. CaCOb treated whh lO'mL, 
or more, of 2 AT HQ Bberates 224 nd. COt at noni^ tem pe rat u re mid 
pressure.) The tifig^ increased preamire of bhe carbon dfoi^ a df no 
ponsequenoe. If the ctdturea are cardofiy removed and fre^ onea ad^ 
immediately dare ia no need to imiew dm madite aid add. 

tXitaiiiable Item. A GalleBfcaaqi A C^lAd., 
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In using such do^ containers there is a tendency fat moistare to o^ect 
on the lid of the Petri dish. The aune occurs in anaodnc jars. ItisieoiHB- 
mended, therefore, bdfore incubatit^ to place in the lid of the ihah a square 
piece of filter- or blottii^-paper of such a size that it is just held in position 
by its four comers, e,g. for the usual 4-in plate, a 3-in. square. The paper 
^quld not fill the top of the dish, as it would, when wet, act as a sfiu and 
prevent foe access of carbon dioxide to foe insicte of foe dish. 

For larger prqmrtions of carbon dioxide an anaercfoic jar may be used. 
Aix is wifodrawn by means of a filter pump and replaced by carbon dioxide 
from a Kipp’s apparatus or cylinder, as described above for hydrogen. 

A measured volume of ouhon dioxide may be added to a culture in 
liquid or on solid medium in a bottle which is tightly sealed b]/ a perforated 
metal screw-c^ with an unj^rforated thick rubber liner. A swinge is filled 
through its nozzle to foe desired volmne with carbon dioxide fr^ a ^linder 
or Kipp’s apparatus, a sterile hypodermic needle is applied, this is inserted 
into foe bottle through foe rubber liner and foe gas is injected. 


BLOOD CULTURE 

In most bacterial infections of foe blood in man foe organisms are not 
numerous, and it is essential for their demonstration by blood culture that a 
relatively large amount of blood, e.g. 5-10 ml., should be used as foe inoculum. 
When such a quantity of blood is added to a culture medium, its natural 
bactericidal or bacteriostatic action may readily interfere with foe growth of 
any bacteria present and it is therefore essential that this effect ‘should be 
annulled by diluring foe blood with medium. Alternatively, foe antibacterial 
effect may be prevented by some substance incorporated in the medium, e.g, 
trypsin. While it is not strictly necessary that foe blood should remain 
undotted in the medium, some workers prefer to add sodium citrate, am- 
monium oxalate or other anticoagulant. 

Requisites 

(1) A 10-mL “ all-glass” syringe (with a firmly fitting needle) sterilised 
in foe hot air oven as described on p. 710 should be used. 

If a syringe that will not withstand heating at 160° C. is used it must be 
sterilised by miUng in water for 15 min.; foe syringe must not come into 
contact wifo any antiseptic; it should not be removed from the steriliser 
until it is immediately required, and foe part should be taken out of the 
steriliser and fitted together wifo foe aid of forceps so that foe needle, 
and piston arejiot touched by the fingers. Extraneous bacterial contaimna- 
tion of blood specimens is more frequenfwhen foe syrmges are sterilised 
by bmlii^ (e.g. 10 per cent of spedmens contaminated) thw when th^ ve 
sterfiised in m hot air oven (e.g. 1 per cent, contaminated). The 

ue Ihdffe to be oontanunated vrifo non-sporing baoetia while bring assi^Ied 

after thrir removal ftom foe boiling water (p. 685)- : , 

(^ Gauze or cotton-wool, bandage, antiseptic (e.g. 2 per cent io^ ia 
TO^centalccfoolorSpercent o^lic acid in water^ mefoylated apbh, 
ooUbdion, dissecting forc^, Btmatm burner or sprit la^ 

(3) 50 sfo. sterile digeM i»ofo (e.g. Hartt^’a, p. 742) in a stoppered fiaik, 
«»: pief^ly foe qiecial Uood ciuttm b(^ doioibed later. (0'2pericenb 
sofoum ritiate <nr 1*0 per cent ammqnaitu (Hudiite tnay 1^ iannifWited 
in foe tttediuffl.) ^ i. 

liMfoawrilufBloed.-^'IlieifoKfdkdiawal^vrinpaBCtuie. l%«tkit 
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of the patio’s ana at the bend of the dbow is tkoivi^hfy sUriluM^ first 
washing with soap and water, then apjdying qnrit md finally treating with 
the iodine solution. Alternatively, the skin is rubbed with 5 per cent carbolic 
add solution and a gauze swab soaked in the solution is then iqi^died to the 
skin over the vein rad held in position for Z-i min. Hratough 
is necessary to obviate conta minatio n of tixe cultiae with akin oqianinns — 
e,g. staphyiococd. Several turns of a l»nds^ are a|^hed rotead tire upper 
arm about the middle of the biceps to render the veins turgid, or a piece of 
rubber tul^ firmly, but not too tightly, wound once roaod the arm and 
clipped with pressure forceps provides a convenient and easily released 
tourniquet for the purpose. The turgescence of the veins can be increased 
by the pati^t’s alternately openii^ and denching the hand. The neecUe of 
the syringe is inserted into a prominent vein and 5-10 ml. of blood are drawn 
into the syringe. The tourniquet is then released. The needle is now vtitli- 
drawn from the vein and detached from the syrii^e by means of forceps so 
that the nozzle is not touched by the fingers. The flask of broth is un- 
stoppered and the mouth of the flask flamed. The blood is added to the 
broth and the flask re-stoppered. The blood and broth are thoroughly mixed 
by rotation of the flask. These operations are all done at the bedside. A 
spirit lamp may be used for flanoing. The flask is incubated at 37° C. 

The patient should raise the arm after blood has been withdrawn and 
firm pressure should be applied to the site of the puncture to obviate haema- 
toma formation. {Note — Carbolic add is irritant on proloi^ed contact with 
skin; when it has been used to disinfect the skin, it should be removed by 
sponging with water as soon as the specimen has been taken.) 

The syringe and needle should be washed out at once with 2 per cent, lysol 
solution. The puncture wound may be dressed with gauze or cotton wool, 
and collodion. 

When the flask has to be transported some distance to the laboratory it 
is essential to stopper it with a rubber bung which has been sterilised by 
boiling, and inserted into the flask with flamed forceps, but under tiiese 
circumstances a blood culture bottle should be used (oiids infra). 

Special Media for Blood Culture. — ^“Liquoid” (sodium polyanetholaiti- 
phonate), 0*05 per cent., is of value in annuilii^ the natural bactericidal actum 
of blood. 

In patients on sulphonamide therapy, there may be enough sulphonamide 
in the blood to prevent the growth of bacteria when blocm culture is p^- 
forrned. The addition of 5 mg. of p-aminobenzoic add per 100 ml. of bro& 
will prevent the bacteriostatic action of the drug. Thep-aminobenzoic add is 
stable and withstands autoclaving. 

If the patient is being treated vrith penidBin w^en blood oiltute is 
attempted, penicillinase should be incorporated in the medium. A 1*0 ml* 
volume of the prep^tion, supplied by Wellcome Laboratories, BedEenham, 
England, will inactivate 100,000 units of podcillin, but proportionaitely more 
is required for bwer levds of {wnidllin. For blood culture work, it is reoomp 
mended tiiat a suitable dflution containing 0*01 mL of this penidlHnaae 
solution should be atkled per 100 nd. of sterile broth, with aseptic pteouitioais. 

The addition of 0*2 per cent, sodirundtrate and 0*1 per cent white a^poidh 
(B.D,H.) to bro^ produces saponin broth in which blood does not dot end u 
promptiy lysed Saponin broth should be sterilised by intermittent ttoin^. 
It is favoured by some workers for tiie is ol ati o n of Str^toeoectu 
which nuy be sli^tly sensitive to Liquoid. 

Eroth co ntaining 0* 1-0*5 per cent glucose is recommended for the isolation 
of pneuinooocd and streptooocd firm the blood. Ghioose larath pbak dne 
3 b 
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part of filtered liquor trvpaim Co. (Allen & Hanburys) to 10 parts of the 
medium also may be usea for the pyogenic cocci. 

In suspected cases of enteric fever, a 5 ml. volume of the patient's blood 
may be added to 50 ml. of broth containing 0*5 per cent, of sodium tauro- 
cholate as a selective agent. 

To obtain tiie best general results, a range of media should be used. The 
routine inclusion of an anaerobic medium, such as cooked-meat broth, is 
recommended because anaerobes, e.g. certain streptococci and CL todchUt may 
otherwise be missed. Since this medium also serves for the growth of aerobes, 
it is an excellent general purpose medium for blood culture. 

Quantitative counts of bacteria in the blood are sometimes useful in differ- 
entiating between bacteriaemia and septicaemia or for pro^o^c purposes. 
A simple procedure is to inoculate 1*0 ml. amounts of blood into several tubes 
of melted agar and make pour plates either at the bedside or fipm unclotted 
blood in Liquoid in the laboratory. 

Special procedures or culture media for certain suspected inflections, e.g. 
bruc^osis, leptospirosis, are described in the appropriate chapte 

Blood Cidtiire Bottle. — Instead of using a flask of broth wif^ a cotton- 
wool or rubber stopper, as described above, the following container is much 
more simple and convenient, especially when the patient is some distance 
from the laboratory. 

It consists of a 3 oz. round bottle or a 4 oz. (120 ml.) **medical flat’* bottle, 
with a screw cap, similar to that used for storing nutrient agar, etc., in 50 ml. 
amounts (p. 724). A hole is punched out of the cap and tiie rubber washer 
re-inserted. In order to protect the surface of the cap and the exposed 
portion of the rubber washer from contamination before use, thje cap and 
neck of the bottle are covered with a **viskap”,^ such as is used for perfume 
bottles. This is a cellulose preparation which is slipped on moist and allowed 
to dry. In so doing the viskap shrinks, moulding itself tightly to the cap 
and neck of the bottle. 

The apparatus is fitted up as follows. The bottles are supplied in a carton 
alreadv washed, cleaned and capped, so that no further preparation is re- 
quired. The rubber washer is removed, a x|^-in. hole punched out of the 
centre of the cap by means of a hollow punch, and the rubber wadier re- 
inserted. The medium in the bottle is a matter of choice, and the fallowing 
range is useful. The different types are recognised by the colour of the 
visbp and the glass bead in the bottle: 

(1) plain broth (white cap and bead). To this can be added saponin 

0*1 per cent., or Liquoid 0*05 j^r cent., if required; 

f2) bn^+0*l per cent, glucose (green cap and bead); 

(3) g^ucose broth as in (2) plus S mg. per cent, p-aminobenzoic acid {e.g* 

for pneumococci and streptococci^; 

(4) broth4-0*5 per cent sodium taurochokte (yeUow cap and bt^d (for 

enteric fever)). 

He size of the vidtap is No. 2 semi^aque cut If in. The top of the 
videap is coloured with cellulc»e paint The bead is to identify the 
on its return to the laboratorv. If beads are not available a smaB dab of 
adoured paint is placed on the shoulder of the bottle. If lar^e numbers 
of bottles are used, coloured kbeb m prefendde and they obviate the use 
of coloured beads or painted caps. 

! Made by Viscoss DevdiopiiieQt Co.» Ltd., Woldhiai Road, 
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50 ml- of tile medium is placed in tlie botde, die apptofmatelf eelMsed 
bead added, and the perforated cap antib rubber washer firmly scten^ mt. 
The bottle is now sterilised in the autoclave for 15 min. at 121*C. (15 Ib. 
pressure). When the bottle is cool the viricap is at once slipped on. Viskaps 
dry in a few hours and mould themselves to the cap and n^ of the botde. 
The broth can be stored without deterioration. 

For use, the bottle is taken to the bedside of the patient JuM before die 
vein is punctured the viskap is removed. Blood (5 ml) is now withdravm 
from d« vein, with die usual precautions, and immediately afterwards the 
needle is passed through Ae robber washer and the blood is cqielled into 
the medium. The needle is withdrawn and the puncture in the washer seals 
itself. The botde is shaken to mix blood and broth, and sent to the lalroratoty 
for incubation. It is advisable to wipe the exposed portion of the washer 
with a little antiseptic {e.g. alcohol), in order to remove any infective material 
at the site of the puncture. If more blood than 5 ml. is removed, further 
bottles are inoculated with successive 5 ml. amounts. 

When the culture is examined after incubation, the screw cap is removed 
in the ordinary way. 

It has been shown that, particularly with blood cultures in flasks, incuba- 
tion in an atmosphere containing 5 per cent, carbon dioxide is an advantage. 

“Clot” Culture. — ^When blood samples from suspected enteric fever 
have been submitted for the Widal test (p. 907) it is useful as a routine to 
cultivate the clot after the serum has been removed. If blood is taken in the 
early stages of the disease the Widal reaction may be negative, but blood 
culture will probably be positive. Moreover, enteric organisms may be 
present in the blood stream at any time througtout the illness, and isolation 
of the causative organism is the most satisfoctory form of diagnosis. 

If it is known that the blood has been withdrawn with strict aseptic 
precautions, the clot may be placed in a wide tube (8x1 in.) half filled with 
broth, or in a wide-mouth screw-capped bottle (8-oz. pot) containing 80 mL 
of broth. Where, however, there is any doubt as to the presence of con- 
taminating organisms, and this is always a possibility when specimens of 
blood are sent to the laboratory from a distance, the clot should be transferred 
directly to a tube of sterile ox bile. After incubation overnight the bile 
culture is examined for enteric organisms in the usual manner. 

A method of dot culture with streptokinase has been tecommmided 
(Watson, 1955). Take blood from the arm vein in the usual way and sJBow 
5 ml. quantities to dot in sterile screw-capped Universal coBtaiimts(p. 724). 
Remove the separated serum and add to each bottle 15 mL of 0*5 oent. 
bile-salt broth containing 100 units per mL of streptoldnase. The stre^>- 
kinase causes rapid dot lysis with rdease of bacteria trapped in the ctet. The 
cultures are then incubated. 

ExamlnaflnQ of Bkwd Culture. — ^After incubation fiw 18-24 hr., fihns 
are made from the blood Inoth mixture and atdned tqr Gram's method. 
If organisms ate noted, sulanoculatioia are made on a {date of a suitadfle 
medium by successive strokes with a charged loop. Ihe subcultares are 
incubated aiui the organisms devetoping are identified as for as pqssibto 
by their microscopic characters and iqqrearances. l£ fotmer in- 

vestigations are required for accurate idra^a^n, sing^ colonies ate p^aed 
off on to dopes and the resulting cultures ate studied. 

Where an infection with tite enteric group is suspected, it is convenient 
to pUte direcdy frtnn tile blood culture on to MacConkejr's medium to obtain 

chuacteriatic odrmies on this methum. 

Even vtiien no otgartisms cni be detected in fflms from the piknaty blood 
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culture, it is advisable to make subinoculations. Scanty organisins may not be 
observed but these may develop colomes in subculture. 

If no result is obtained after 24 hours’ incubation, the blood broth should 
be incubated continuously for at least four days, films and subinoculations 
being made eadi day* If brucellosis is suspected, cultures should be incubated 
for £ree weeks before being discarded as negative. 


THE AGAR BLOCK METHOD OF 0RSKOV FOR STUDTmG 
THE MORPHOLOGY OF GROWING BACIERIAL 
CULTURES 

This method has been applied by 0rskov (1923) and others for the 
morphological study of Actinomyces and it allows the mainteimnce of living 
cultures under continuous observation. ' 

Cubes of suitable size are cut out of an agar plate by means bf a sterilised 
knife. These cubes should not exceed 3-4 mm. in thicknesal They are 
transferred with the knife to a sterilised microscope slide. Theygar is now 
inoculated with the organism by a fine stroke. With first a low*power 
objective the stroke is defined and then with a higher power an area is found 
where the bacteria lie sufficiently scattered. Wi^ a suitable lamp and 
objective and closing down of the diaphragm young bacteria appear as 
strongly refractile and well-defined bodies. The area is then registered by 
means of the vernier scales on the mechanical stage. The slide is removed 
and placed in a Petri dish with a piece of moist filter paper in the bottom, 
and the dish is incubated at a suitable temperature. The selected irea is then 
examined at intervals and the changing features observed. In this way the 
development of individual bacteria can be studied and also that of colonies 
at each stage. (A microscope incubator, heated electrically, by means of 
which a colony can be observed microscopically throughout its period of 
growth is also very convenient for these and similar studies.) 


DISPOSAL OF CULTURES 

Cultures to be discarded should be killed by heat or antiseptics before 
the container is cleaned for re-use. 

In the case of non-sporing organisms, it is sufficient to remove the cotton- 
wool plugs and immerse the tul^ and plugs in a large basin of 3 per cent, 
lysol or cresol. * "" 

When screw-capped bottles are used the cap is completely unscrewed 
and both it and the bottle placed in the lysol solution. 

Petri dish cultures are also similarly immersed in lysol solution. 

Cultures of the tubercle bacillus and sparing organisms^ such as CL tetm, 
B. antkracis^ etc^, must be sterilised by autockmng. 


COLD STORAGE 

It is essential to have some form of cold storage in the laboratory for the 
preservation of blood, serum, culture media, cultures, vaccines, etc. 

Mechanical refrigeration is now universally used, and refrigerators are 
available in a large number of sizes from 1 1 cubic feet cap^ty to ccl4 
rooms ol several thousand cubic fe^ For smaller Uxiratoiy we of 
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domestic i^gei^w of 4-7 cubic feet capadty is suitable, bu^ 
laboratories requite a correspmulingly lai^r iastrument, or an insulmed 
cold room yrith the refrigerating plant outside. Mechanical refr^eratora 
can be obtained to woi^ with electricity, gas or oil, and most of them have 
provision for making small quantities of ice. temperature should 
maintained between 4“— 5“ C. (39®-41® F.). It should never be so low as to 
cause freezing, as this may be detrimental to vaccines, bacterial suspenrions, 
red cells and certain sera containing a preservative. 

It should be noted that with the domestic type of refrigerator sm accumula- 
tion of ice, due to freezing of water vapour, surrounds the freezing unit, aiul 
at intervals (about 10-14 da 3 rs) it is necessary to “de-frost” to remove 
ice. The contents of the refrigerator are removed, the current (or gas) 
turned off and the doors opened. The melted water from the ice is caught 
in a suitable receptacle. When the ice is melted the interior of the re- 
fri^rator is wi|ted with a cloth, the contents replaced, and the refrigerating 
unit started again. 

It is convenient also to have a refrigerator working at low temperatures 
for the preservation of sera, viruses, etc., and one of the commercial type 
of “deep freeze” refrigerators working at —10° to —40° C. is Miitahla for 
this purpose. 


PRESERVATION OF CULTURES 

Bacterial species vary greatly in the ability of their cultures to remain alive 
after the completion of growfo (e.g. after twenty-four hours at 37° C.). 
Some species such as Neisseria gonorrhoeae and Streptobadllus moniliformis 
are poorly viable and their cultures usually die out within a few days, whether 
kept at 37° C., at room temperature or at 4°— 5° C.; thus, they must be 
subcultivated every two to four days for maintenance in the laboratory. 
Other species are much hardier, especially sporing species which may ronain 
viable for many years. There are also many non-sporing species (e.g. entero- 
bacteriaceae) whose cultures, under suitable conditions, commonly remun 
viable for several months and often for as much as a few years. Their pro- 
longed preservation requires the following: (1) that drying of the culture is 
prevented by hermetic sealing of the tube or bottle with a screw cap and 
new rubber liner, or with a cotton-wool plug soaked in paraffin wax, (2) that 
the culture is stored in the dark, and either at room temperature or in a 
refrigerator at 4°-5° C., but not at 37° C., and (3) that the mture be grown 
on a suitable “preservation mediura", e.g. on a riope of coagulated eg^ 
medium, though nutrient agar stab cultures are also generally satisfitototy. 
It is derirable that at least a moderate proportion of t& cells in the culture 
should remain alive; if only a few survive, these may be exclusively renstant 
mutants, all cells of the original type beii^ lost. Frewent subcultivation 
also tends to replace the original type by mutants and must therefitne ht 
avoided as far as poswlde. Specific recommendations for the short term 
preservation of bacteiM cultures have been made by Stokes (19^). 

Egg Medium fiw praaeevatUm iMT cultiirea 

Egg medium » teemnmended fiK the prdonged storage of eadtinea at 
t^mtemperBnue(below20°C.). Organisms of the enterobact^gravqi may 
he k^ save on tius pwriinm £» several years without subcultivatian; thiw 
®“tvtVe l(M)g($r tiian tm nutrient agar, and are less liable to vary to the 
^te (p. ^ Tltt mdmreis gimm ovetitigM^at 37° C. and the aorew c^p 
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of tlw bottle is finnly ti^tened before stormg in a dark cool cupboard, 
Survival is dependent on the culture not being dlowed to out 


PRESERVATION OF CULTURES AND I^RA 
BY FREEZE-DRYING IN VACUO 

When dried and kept in the dry state under suitable conditions, bacteria] 
cultures and virus suspensions may mnain viable for several years, and 
antisera may preserved without appreciable loss of antibody potency. 
If such materials are dried from the liquid state, a high salt concentration 
is produced in the later stages of drjdng, which causes denaturatlon of proteins, 
death of organisms and deterioration of serum. This is lar«ly avoided by 
the “freeze-drying”, or “lyophile” method, in which the culhjre or senini 
is dried rapidly m vacuo from the. frozen state (see Harri8,Vl9S4). The 
material is frozen by a suitable method (vide infra) and then dried by sub- 
limation of the ice. The sublimation is effected by exposure to an atnoosphere 
of very low pressure (e.g. 0*01 nun. Hg or less) which is dried by a chemical 
desiccant or refrigerated condenser. The dried material is preserved in 
vacuo in hermetically sealed ampoules which are stored in the dark, either at 
room temperature or, preferably, in a refrigerator at 4®-5® C. This is a 
convenient means of preserving stock strains of bacteria, guinea-pig comple- 
ment serum and samples of antisera required for reference or standardisation 
purposes. On a larger scale, it is used for preserving therapeutic antisera, 
hunum plasma, antibiotics and vaccines. ^ 

Freezing must be very rapid, with the temperature lowered tu well below 
0** C. {e.g. to —20° C.), since slow freezing would prolong exposure to the 
denaturing influence of the suspending salt solution as it was concentrated to 
its eutectic level by the formation of pure ice crystals. The liquid should 
be frozen in a shallow layer with a large surface available for evaporation. 
Two methods of freezing are available: (1) prefreezmg, i.e. before the drying 
process is begun, and (2) evaporative freeuing, effected during the first stage 
of the drying process. 

Prefreezing is generally employed for large volumes. The liquid is 
finusen as a layer, or “shell”, lining the walls of the bottle, either by rotating 
the bottle while immersed nearly horizontally in a bath of ethyl alcohol and 
soUd carbon dioxide, or of refrigerated coolant, or by spinning the bottle 
on its vertical axis in a current of refrigerated air. 

Evaporative freeing is convenient^ employed for the smaller quantities 
that gmerally suflice for laboratory purposes. The liquid is quiduy frozen 
by the witiulrawal of latent heat during its initial rapid etmjMration when 
exposed to the vacuum applied for drying. Precautions must be taken 
apiinst frothing and spilling during desolution of the atmospheric gases; 
the “oentrifugd” and “degassii^” methods have been devdoped for this 
purpose. 

Greaves's Centrifkigal Method of Freeze-Drying. — ^This^ is a RK”* 
convenient method for presenting a number of cultures. Frothii^^ is pre- 
vented by centrifuging the liquid during the first stage of evacuation and 
drying, until freezing is complete. A suitable centrifugal fre^^dryet 
oonaiMa of a giaas bdl-jar and metal duunbo* containing t» centrifuge wd 
tiigra of desiccant for the prima^ drying, a manifdd for the secondsuy diy>^> 
a tMary oil-sealed pump cepsme of drawing a vacuum bdbw 0<64 min- ^ 

’ SuppUsd by Edwards Hldfa Voeuum Ltd., Ciawh^', Sussex. 
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and B Piraiu*t 3 rpe preaaure gauge. The liquid cultutes or auuMMaana (we 
p. 809) m dried in epedai hard-glass tubes or ampoules vvith a stem bore of 
6 nun. The procedure is as follows. 

(1) Place m each ampoule a small strip of filter paper on which has been 
typed the number designating the culture to be introduced. Ring the 
ampoules wth cotton-wool and sterilise in the autoclave. With a smile 
capillary pipette, put 0*25-0’S ml. of liquid culture into each smaH “en^roole** 
(tube type) and up to 2-5 nd. into each of the larger ampoules. Discard the 
origii^ sterility plug and insert a fresh, loose plug of sterile cotton-wool, 
pressing it wholly within the stem of the ampoule. 

(2) Prepare the chamber for primary drying by chargin g the metal 
desiccant trajrs with fresh phosphorus pentoxide to the extwit of at least 
3 grams (about 10 ml.) of powder per ml. of water to be absorbed. (Note-— 
Phosphorus pentoxide is corrosive and care must be taken to avoid spfiling 
it on the skin, clothing or freeze-dryer. After each use of the dryer, die 
expended desiccant must be washed from the trays with an excess of water, 
taking care to avoid the corrosive fumes evolved, and the trays are then 
thoroughly dried. The makers’ instructions must be followed for cleaning the 
apparatus and removing spilt powder, which may interfere with the working of 
the centrifuge motor.) 

(3) Primary Drying, — ^Place the ampoules in the nearly vertical holes of 
the constant speed centrifuge. Cover the centrifuge with the bdl-jar and 
press this firmly into position on the sealing ring of the base plate. (Tl^ 
contact surfaces are previously cleaned with ether and lightly smeared widi 
high-yacuum grease.^) While pressing down the jar, switch on first the 
centrifuge and then the rotary pump. Observe the rapid fall of pressure on 
the Pirani gauge. When a low pressure of about 0*1 mm. Hg has been 
achieved in two to five minutes, it can be assumed that the materud is frozen 
as a thin layer on the outer wall of the ampoule. Immediatdy steitch off the 
cenirifi^e to avoid overheating. Leave the rotary pump running for a period 
sufficient to complete the primary drying: about three hours for 0*z5 mL 
volumes, six hours for 0*5 ml. volumes and eight hours for 2*5 ml volumes. 
Then isolate the chamber, switch off the punqi and leave the chamber 
evacuated until ready to remove the ampoules for the secondary drjring. 
The ampoules must not be exposed to sunlight, nor, for more than a few 
hours, to weak daylight: if necessary, cover the apparatus to shidd die 
ampoules from the li^t 

(4) Open the duuober air-release valve, lift the bell-jar and remove the 
ampoules. Draw out the stem of the ampoule to form a thin capillary neck 
near the open end. First flame the opening and press the loose cottonpwool 
plug about H in. (5*7 cm.) down the stem. While rotating ampoule, 
heat the ston in a small gas flame at about in. (3*2 cm.) from its open end, 
until the glass walls have softened and nearly doubled in thidmess. Remove 
the ampoule from the flame and stretch it to form a tapillaty nedt <ii about 
2 mm. external diameter and 1 mm. bore. When cool, iqipiy tihe open end 
to one of the rubber adaptors on the manifold used for the secondary dryaag; 
the manifold is tdaoed so diat the ampoules lie horizontally. Any adipton 
not in use must be seated by qiplicadon o£ an empty ampoule. 

(5) Seamdsgry Ihying , — ^Remove die eiqiended dedccant from the tte^ 
md replace vndi fee^ phosphorus pentoxide powder. Press the bell*^^ 
into pc^tioo, dose the air-tetease valve and switch on the jnimp. hetn dm 

. * Edwards Vacuum Ltd., simply Apieum M " grease for joteA* 

” ensse for glsss^a^ and 
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pump runxdng for a sufficient period to ensure complete drying, 6-18 hr. 
Test the amp^es for vacuum tightness by briefly passing a mgh frequency 
vacuum tester near the surface of the glass; a satisfactory vacuum is inmcated 
by a blue* violet glow, £diure of vacuum by long streaky discharges or absence 
of ^ow, and cra^ in the glass by bright spar^g. The Pirani gauge should 
show that a pressure as low as 0‘0I mm, Hg is reached. 

(6) Seal the ampoules while they are attached to the manifold with the 
piunp running. Heat the capiUary nedc with a small gas flame; when ^e 
glass is melted, pull gendy and allow the flame to sever the tlun filament so 
formed. When all the ampoules are sealed and set aside, open the air^release 
valve and switch off pump and Pirani gauge. After standing for half an 
hour, lay the ampoules on a metal surface and retest them for vacuum with 
the high-frequei^ tester; discard any not showing the blue-violet glow. 

Freeze-^Drying by the Degassiiig Method using a ^bcxratory 
Desiccator and Hi|^«*Vacitiiisi Puntp. — By this method, simll volumes 
of culture may be freeze-dried with rimple apparatus. From y*25 ml. to 
2*5 ml. of liquid culture is pipetted into a sterile glass tube or ampoule (stem 
bore 6 mm.) which is then stoppered with a loose cotton-wool plug. The 
ampoule is placed in a glass dmccator jar over phosphorus pentoxide and 
is supported in a sloping position so that its contents form a thin layer on one 
side. The rim of the d^ccator jar is smeared with vacuum grease and the 
lid pressed firmly into position. A tap in the desiccator lid is connected with 
rubber pressure tubing through a ^^}dng column of calcium chloride to a 
high-vacuum pump {e,g. Hyvac pump), all joints being sealed with vacuum 
grease (footnote, p. 807). The desiccator tap should be a three-way tap 
which will allow air to be admitted independently to the desiccator or the 
pump. 

Start the pump and exhaust the desiccator only until the liquid is seen 
to bubble sHgl^, and then maintain eX this pressure for 20-30 min. until 
the gentle degassing is complete. To do this, close the desiccator tap, admit 
air to the pump and switch off pump. If bubbling of the culture is marked, 
admit a very little air into the desiccator jar. When degassing is complete, 
reconnect the jar to the pump and rapidly exhaust it to high vacuum; the 
liquid in the ampoule is seen to freeze suddenly within a minute or so. l^ave 
the pump running for about 1 hr., then close the tap, switch off the pump and 
leave for 18-24 hr. in the dark for drying to continue in the evacuated jar. 
Finally remove the ampoule from the desiccator, press the cotton-wool plug 
about 2\ in. down the stem, heat the stem in a smdl gas flame at about 1 in. 
from its open end and draw it there to form a capillary neck about 2 mm. 
diameter (see p. 807). Attach the mouth of the ampouk stem to the rubber 
tubing leading to the vacuum pun^ and evacuate the ampoule to high vacuum 
for about one minute. Seal the ampoule by melting and severing the capillary 
neck in a small flame. 

Cenopbaii bfeHicMl of Ffoeze^liryiiig (Rayner, 1943). — ^Moderate 
quantities of agglutinating sera and guinea-pig complement serum may be 
preserved by tms method. Disks of waterproof cellophan 2|| in. in ffiameter 
are placed over upturned lids of about 2 in* diameter, e«g. the Uds of 2-ol 
waxed cardboard (sputum) cartons. didcs are steril&d individu^y 
Petri ffishes in the hot air oven and placed on the waxed cardbofU’d lids by 
means of sterile forceps. The serum k pqietted in ml. amounis on to 
the ceBophan disks. These are stadred in a desiccator over dbosphoms 
pentoxide, and this is exhausted by means of a Hyvac pump* serum 
mfiSy freezes solid and dries in a diort lime, but is Im oven^^ ifi ^ 
ttadccator. The dried serum is detached quite easily by crumpling the 
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celloph^ and tt tbra placed in sterile 6 x 4 in. test-tubes, 'HieiBft ai« faMtod 
above the nuddle md oonsoicted to a capiuaiy neck about 2 in dkmeter. 
They are placed in the desiccator, which is again evacuated and left over- 
night. Finally, the tubes are connected inihvidually to die Hjrvac p«wip, 
evacuated to high vacuum and sealed by mdting and severing the nedt 
with a dame. 


Suspending Media dn* Freeze-l^rying of Bacteria 

The survival of bacteria on freeze-drying is greatly by the 

nature of the medium in which they are suspended. Nutrient broth con- 
taining 1 per cent, of peptone and meat extract is a satisfactory tn ed imn for 
the most resistant organisms, e.g. Strept. pyogenes and Staph, aureus, and 
the moderately resistant, e.g. enterobacteriaceae and brucellae. Brodi 
cultures of these may be dried directly. 

Special protective suspending media are necessary for the poorly reristant 
organisms such as Neisseria gonorrhoeae, Vibrio cholerae and HaemopkHus 
influenzae. Organisms from a fresh culture are suspended to a high density 
{e.g. equivalent to Brown’s opacity standard No. 4, p. 871) in foe sterile 
suspending medium just prior to freeze-drying. Various media have been 
advised, most of which contain sugar, peptone and a colloid {e.g. protwn or 
dextran). Skimmed milk, containing lactose and protein, has been used 
with success. The most generally recommended at present is a serum 
brofo containing 7*5 per cent, glucose; this is prepared as foe following 
mixture; 

Nutrient broth with 30 per cent glucose . . 1 volume 

Sterile inactivated serum {e.g. commercial sterile 
horse serum) 3 volumes 
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CHAPTER 49 

TESTS EMPLOYED m BACTERIAL IDENTinCATION 

In this chapter a number of “biochemical” tests and a few miscellaneous 
tests, used generally in the identification of microorganisms, are 
described. Tests us^ specifically for the identification of a particular 
organism are described elMwhere in the appropriate section dealing with 
that organism. 

It should be realised that many of the tests described ini this chapter 
are not “all-or-none” tests; some distinguish between ornmisms that 
differ in the rate with which they carry out a particular re^on. It is 
therefore important to use a method of test that is suitabW poised to 
differentiate the organisms under consideration. For many W the tests 
given here, a large number of variations have been developed in different 
laboratories. In these cases, it has been difficult to make a choice of a 
method and in some instances we have described more than one test for a 
given reaction. The results obtained with variations on a particular test 
may not be comparable and it is essential to bear this in mind. More- 
over, there may be considerable variation in the commercially available 
preparations of the reagents used. For example, the tryptophane con- 
tent of peptone varies considerably according to the mode of preparation 
and this markedly influences its value as a substrate in the iiidole test. 

Unfortunately many routinely used tests are not yet standardised, 
but a start has been made by various organisations. For example, the 
International Committee on Bacteriological Nomenclature have pub- 
lished recommended biochemical methods for the group differentiation 
of the EnUrobacteriaceae (Report, 1958) and much use has been made of 
these proposals in this chapter. 

Diagnostic tables shovnng the biochemical reactions identifying many 
genera and species of pathogenic and saprophytic bacteria are given by 
Cowan and Steel (1961). 

Preparation of inoculum for teat media 

The validity of the identification of an unknown bacterial culture by 
its reactions in a rati^ of biochemical trats depends absolutely on the 
use of a pure culture of the bacterium for inoculation of the test media. 
Single, well-separated colonies grown on a primary di^ostic plate tl»t 
has b^n inoculated with material containing a mixture of bacterial 
Species, e.g. sputum or faeces, are usually but not always pure. A small 
proportion of the colonies are likely to be contaminated with a mimr 
admixture of bacteria of another kind, e.g. an anaerobic or other exacting 
species that doM imt grow well under the conditions of culture in the 
primary plate. If such a colony is acddentally picked and tbe test media 
are moculated either directly from it or from an immediate m bro^ 

^ibculture of it, the contaminating bacteria may grow out sdectivi^ io^ 
some cff ti» media and give false remits. 
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It is reconunmiied, titer^ore, that the chosen colony dionihi fiist be 
plated out on an unselective culture medium and that a wellnnolated 
colony on the secondary plate should be used as the inoculum for the 
tests. This precaution is oftra omitted in medical diagnostic bacterio- 
logy* where speed in obtaining results is important. The results are 
then not fully reliable and if are unexpected a freihly purified 
inoculum culture should be prepared and ^e tests be repeated. 

If a larger number of test media have to be inoculated than can con- 
veniently be done firom a single colony, the colony should first be 
subcultured on an agar riope, or in a tube of broth, and this subculture 
should be used to inoculate the test media. The subculture can then be 
preserved for making confirmatory or other different tests on subsequent 
days. It is an unsound practice to use another, apparently similar colony 
on the primary plate to provide inocula for additional tests. 

Controls for tests 

The sterility of each batch of test medium should be confirmed by 
incubating one or two uninoculated tubes of the batch along widi the 
inoculated tests. If the uninoculated tubes show evidence of bacterisd 
growth, the tests and the remainder of that batch of medium should be 
discarded. 

Control tests are also made to confirm that the test media have been 
made up correctly and that they are used and observed under the proper 
conditions. One tube of each batch of test medium is inoculated with a 
stock culture of a bacterium known to give a positive reaction and 
another tube with a stock culture known to give a negative reaction. 
These positive and negative controls are incubated and examined along 
with the tests. 


TESTS FOR CARBOHYDRATE METABOLISM 

Bacteria dififer widely in their ability to metabolise carbohy^tes and 
to use them as a source of carbon and enei^. Knowledge of the nu^ 
of sugars that can be broken down and the nature of the attach (whefiitt 
by fermentation or oxidation) provides a very valuable aid to dugiMMia. 

Metabolism of a carbohydnte, partbularly anaerobic breakdown w 
fermentation, usu^y results in tbte production of adds. Gas is 
commoxily produced. The most convenient metiiod of demonsbtiti^ 
such metabolism, therefore^ is to test a culture for add |>roduction, Wm 
or without gas production, in a medium in which a specmc carbdsi^’dnps 
is provided as a potential substrate. Them is a wide difidraoe in the 
products of breakdown during fermentation; these can aim be tested ftir 
and thdr nature ascertained Tm diagnostic purposes. 

CarlHdrydrates may be ahmeo when exposed to noraud 
Sterilisation temperatures. They may also be altered when heated in ibe 
presence of other ingredients of culture media, s.g. peptone, phoqphde, 
and they are particubuly susceptible to Itest m an alka^ne environaaeiit. 
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For these reasons, we recommend that the basal ingredients of sugar 
fermentation media should be heat-sterilised before ^e sugar is added. 
A solution of the sugar should then be sterilised and the requisite amount 
subsequently added to the sterile basal medium. 

If a sugar solution is to be sterilised by heat, the prior addition of one 
or two drops of phosphoric acid will ensure that the solution is not 
alkaline. In general, tyndallisation (intermittent steaming) is less likely 
to alter the sugar than autoclaving at 121° C., but the important point is 
to sterilise the sugar separately from the other ingredients. Sterilisation 
of sugar solutions by filtration is recommended. 


Method to Distiiiguish between Aerobic and Anaerobic 
Breakdown of Carbohydrates \ 

This method (Hugh & Leifson, 1953) depends upon the use of a 
solid tubed medium containing the carbohydrate together with a pH 
indicator. If acid is produced only at the surface of the medium, where 
conditions are aerobic, the attack on the sugar is oxidative. If acid is 
found throughout the tube, including the lower layers where conditions 
are anaerobic, the breakdown is fermentative. 

Medium 

Peptone 2k) g. 

Soditun chloride, NaCl . 5-0 g. 

Dipotassium hydrogen phosphate, K 2 HPO 4 . 0-3 g. 

Bromothymol blue (1 per cent, aqueous solution) 3 ml. 

Agar . • 3 g. 

Water 11. 

The pH is adjusted to 7*1 before adding the bromothymol blue and 
the medium is autoclaved at 121° C. for 15 min. The carbohydrate to be 
added is sterilised separately and added to give a final concentration of 
1 per cent. The medium is then tubed to a depth of about 4 cm. 

Method . — Duplicate tubes of solidified medium are inoculated by 
stabbing, one tube is promptly covered with a layer of sterile melted 
petroleum jelly (yellow soft petroleum) to a depth oi 5-10 mm. and both 
are incubated for up to 30 days. Fermenting organisms [Enterdbac- 
teriaeeae, Aeromonas, Vibrio) produ<% an acid reaction throughout the 
medium in the covered (anaerobic) as wdl as the open (aerobic) tube. 
Oxidising organisms (e.g. Pseudomonas, MaU^myces) p.roduce an add 
reason only in the open tube ; this begins at the surface and gradually 
extends downwards, and may appear only after an alkaline reaction has 
been preset for sevnal days. Organisms that cannot break down the 
carbonydrate aerobically or anaerobically {e.g. Akaligenes faecahs) 
jnoduce an alkdine reaction in the qfien tube and no change in the 
covered tube. 

It should be noted tiiat titis medium may also be used for reccardiag 
gas production and motOity; 
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SUGAR BtfEDIA TO TEST FOR CARBOHYDRATE 

fermentation 

Media for determioing die ability of a particular orgauttm to fermelat 
a particular sugar contain the following components: 

(1) Suitable material to allow the growth of the orjginism under 
consideration. The nature of these materials depends upon the nutri- 
tional requirements of the organism. 

(2) The carbohydrate. A large variety of sugars are used, e.g. 

(a) Monosaccharides 

Pentoses — Arabinose, xylose, rhamnose. 

Hexoses — Glucose, fructose, mannose, sorbose, galac- 
tose. 

(b) Disaccharides — Sucrose, maltose, lactose, trehalose, c%llo- 

biose. 

(c) Trisaccharides — Raffinose. 

(d) Polysaccharides — Starch, inulin, dextrin, glycogen. 

(e) Sugar alcohols — Glycerol, erythritol, adonitol, mannitol, 

dulcitol, sorbitol, inositol. 

(f) Glycosides — Salicin, coniferin, aesculin. 

For some purposes, certain organic acids are used: — 

(g) D-tartrate, L-tartrate, M-tartrate, citrate, and mucic acid. 

(3) A suitable indicator that will change colour only as a result of the 
formation of acids during the fermentation of the sugar. A variety of 
indicators with a pK between pH 6 and 8 have been used. 

(4) A small inverted tube (Durham’s fermentation tube) is placed in 
each cultiue tube to detect gas. During the process of sterilisation the 
heat drives out the air from the inverted tubes which, when cool, should 
be completely filled with liquid and contain no air bubbles. 

Sugar Medium 1. Peptone wat^ base 

Peptone 10 g. 

Sodium chloride, NaCl ^ 

Water U 

The medium is adjusted to pH 7'2-7’3 and a previously sterilised 
solution of the fermentable carbohydrate (p. 81 1) is added in toe prppor- 
tion of 0*5 to 1*0 per cent. An indicator is incorporated to detect 
production. Various indicators are employed, including AndiRde^jS 
indicator, phenol red, bromothymol blue, and bromocresd puride. 

Indicaton 

Andrade's sadketor u made by adding 1 N NaOH to a 0*5 per ceot. 
solution of add fiicbain until t^ colour just becomes yellow. It is 
at a final co^penttation of 1 per cent in the medium and it turns 
reddito pink add is produced. Andrade’s indicator fades 
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rapidly when stored and should not be used unless the mecUa can be 
utilised within a few months. 

Phenol red is made up in a 0*2 per cent, solution pr^ared as 
described in the footnote on p. 846 except that the phenol red is ten 
times as strong. For use, 5 ml. of the 0*2 per cent, solution is added to 
each 100 ml. of medium. This indicator does not fade on storage and 
may be incorporated in bottled media that may not be used for some 
time. Phenol red turns yellow if add is produced. (Phenol red is yellow 
at pH 6*8 and purple>pink at pH 8*4.) 

Bromothymol blue is recommended as a useful indicator for sugar 
fermentation tests. It turns yellow in the presence of add. It is best 
prepared and used as detailed in Sugar Medium 2. (Bromonhymol blue 
is yellow at pH 6*0 and blue at pH 7*6.) \ 

Bromocresol purple is used in the media at a final concentration of 
0*005 per cent. It turns yellow in the presence of add. (Bromocresol 
purple is yellow at pH 5*2 and violet-purple at pH 6*8.) \ 

Preparation of sugar media 

Peptone water with an indicator is tubed in 5 ml. amounts, the 
Durham fermentation tubes inserted, and the test-tubes are stoppered 
with coloured cotton-wool. They are then sterilised in the autoclave at 
121° C. for 15 min. The sugars are made up separately in 10 per cent, 
solutions in distilled water, and are sterilised, preferably by filtration or 
in the steamer. The sterile sugars are kept conveniently in 10-oz. 
screw-neck bottles fitted with a siphon and hooded pipette. When 
required, 0*25 ml. of a 10 per cent, solution of sugar is added to each 
tube. 

Si^[ar media containing sugars that are only occasionally required 
may be distributed in 3 ml. amounts into small screw-capped bottles of 
i-oz. capad^ with a 19 mm. Durham tube. By this means the medium 
can be stored and transported vrithout risk of contamination or alteration 
in the concentration of the ingredients. As a result of shaking during 
transit, air may enter the Durham fermentation tube, but it is easily 
removed by inverting the botde, as the amount of fluid is such that the 
open end of the tube is below Ae surface. When the bottle has been 
inoculated the cap should be loosely screwed on to allow access of air. 
In order to identify the various sugar media the caps are painted with 
cdlulose paint-(see p. 783). ^ 

The various sugar mecUa in tubes can be distinguished by having the 
cotton-wool stoppers of different colours. It is better to employ wool 
dyed in bulk ralha tiian to colour white-wool stopp^ wi^ various 
stains. 

Use c£ sugar media 

Before inooilaiion, the tubes are inspect to confirm the absence of 
bubbles of gas from the Durham tubm. A tube of each medium is 
inoculate with a speck ci soUd culture (e.g. from a single ctdony) or * 
daeap or kMpfiil of a liquid culture or a suuq>eninon oi a schd ctdhue# 

aafiae. hmoilated tubes are incubated, generally aerobicalfy and at 
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37" C., for the required period, and the presence or absence.cKlianMid 
colour diange and gas formation in the Durham tube is 

Fermentation reactions are commonly completed within a period of 
incubation of 24 hr. and the identification of many organisms is based on 
the results recorded at this time. It should be noted, however, that some 
organisms djat fail to ferment a ^ven sugar in 24 hr., will 
fermentation of Ae sugar if incubation of the test medium is fmOlmiged. 
Such fermentation may take place after a period of incubation that 
varies, on different occasions of testing the same strain of organism, from 
as little as 2, to as much as 40 days. Late fermentation appears genendly 
to be the result of a non-fermenting culture giving rise to a fermenting 
mutant. In cases where late, mutational fermentation may be significant 
for the identification of an org^anism, and in research investigations made 
in order to characterise organisms, the sugar tests should be incubated 
for 40 days and should be inspected daily; if fermentation occurs, the 
day on which it first appears is recorded. 


Sugar Medium 2. Broth base 

Meat extract 

Peptone 

Sodium chloride, NaCl .... 
Disodium hydrogen phosphate, Na 2 HP 04 
Bromothymol blue indicator solution 
Distilled water 

The indicator solution recommended is as follows: 

Bromothymol blue 

01 N NaOH 

Distilled water 


5g. 

10 g. 

3g. 

2g. 


12 ml. 

11 . 


Jg- 

25 ml. 

475 ml. 


Dissolve the ingredients of the broth by steaming, adjust the pH to 
7<2-7'3, add the appropriate amount of indicator, and tube in 5-mL 
volumes with inverted Durham tubes. Sterilise by autoclavii^ at 121° 
C. for 15 min. To the sterile medium is added 0-5 per cent. <» Ihe test 
carbohydrate in sterile aqueous solution, e.g. 0*25 n^. of a 10 pa: cent, 
sugar solution. 


Sug^ Medium 3. Hiss’s serum water 

M certain pathogenic organisms — e.g. streptococcus, pneumocooois 
~-will not grow weU in ordinary sugar media, it is necessary for some 
fermentation tests to use a medium ccmtaining sesum. 

One part of serum is mixed with tiiree parts of distilled wat», and 
3 ml. of a 0:2 per cmt. solution of phoiol red pw 100 ml. of medium 
(p> 846) are added. The reaction of the medium is adjusted to pH 7*6 
before the indicator is added and prior to sterilisation. Some samples 
horse, serum may give fallacious results and batdies sbouM be 
^^Btodbetoeuse. She^oroxserumissuitaUe. (Some wmrkeia prefer 
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tio substitute O-l per cent, peptone water for the distUfed in^ter.) The 
various sugars are incorporated in the proportion of 1 per cent. This 
medium, if not add, does not coagulate on heating. It is best sterilised 
by filtration but it may be sterilised by intermittent steaming— 20 min. 
each day on three successive days. Alternatively, the mixture of serum, 
distilled water and indicator is sterilised in the stumer, and the appro- 
priate amount of a sterile solution of the requisite sugar is add«l as 
described on p. 729. 

Fermentation is indicated by the production of acid, which alters the 
indicator and causes coagulation of the medium. 

The Hiss’s serum water may be made up with indicator but without 
any carbohydrate added. The medium is distributed in 2*3 ml. amounts 
in i~oz. bo^es. The caps are tightly screwed on, and the whole batch is 
sterilised in the steamer for 20 min. on three consecutive (ws. When a 
batch of any particular carbohydrate medium is required, me requisite 
amount of sterile 10 per cent, sugar is added from the siphonmlter bottle 
described on p. 729. The caps are then painted with cellulose paint, to 
indicate the sugar used (p. 783). Alternatively, the rarer sugars in 10 per 
cent, aqueous solutions may be sterilised and stored in ^oz. screw- 
capped bottles fitted with a perforated cap and rubber washer similar to 
blood-culture bottles. When the sugar solution is required it is with- 
drawn from the bottle by perforating the rubber aseptically with the 
needle of a sterile syringe. 

Hiss’s Serum-Water Starch Medium . — This medium, which is used 
for differentiating the gravis t 3 q>e of C. diphtheriae, does not keep well as 
the starch undergoes gradual hydrolysis forming glucose which is fer- 
mented by all types of C. diphtheriae. It is essential, therefore, to make 
up the starch solution only when required and add it to the serum water 
medium immediately before use. A convenient method sufficient for 
about 24 small bottles (holding about 3 ml. of medium) is as follows. 
Weigh out 0-15 g. of soluble starch and place it in a sterile universal 
container. Add 5 mL distilled water, screw on the cap and ^ake 
vigorously. Place the bottle in a pan of water, bring to the boil, and boil 
for about 5 min., shaking at intervals to ensure that all the starch is in 
solution and the contents are homogeneous. When the starch solution 
is cool add 0-15 ml. with a sterile 1-ml. pipette, or five drops from a 
sterile capillary pipette, to each of the fermentation bottles. After the 
starch has been added, the medium should be used within a few weeb. 

Sugar Medium 4. For nutritionally exacting organisms 

This medium is recommended fox fermentation tests for organisnos 
such as the meningococcus and gonococcus. 

Peptone 20 g. 

Sodium chloride 5 g. 

Distilled water 9(^ ml. 

Dismlve by steaming for 30 min. Make just alkaline to plsRt^* 
{d^alein (pH 84) and Meam for a frirther 30 min. Fiitor 



SIJGAK MEDIA g|5' 

a coarse filter paper and re-adjust the reaction to pH 7-6. Add 100 ml. 
digest broth of the same pH. Add 25 g. agar powder (i.e. 2*5 per cent.) 
and autoclave for 45 min. in “free steam” (100® C.), and thereafter 15 
min. at 110® C. Filter through paper pulp and bottle in l^ml. 
amounts with 2 ml. of 0*2 per cent, phenol red solutiim (made as 
described in the footnote on p. 846, except that the phemd red is ten 
times as strong) in each bottle. Sterilise by holding for 1 hr. in “ftee 
steam” (100° C.) followed by 5 min. at 110° C. 

For use, 100 ml. of the agar are melted, cooled to 55° C., and to rhin 
are added 5 ml. sterile guinea-pig or rabbit (not horse) serum, and 10 ml. 
of a 10 per cent, sterile solution of the required sugar. (This gives a 
concentration of about 5 per cent, serum and 1 per cent, sugar.) The 
mixture is immediately distributed into sterile tubes or i-oz. bottle, 
allowed to solidify in the sloped position and tested for sterility by 
incubation. 

The sugars generally used are glucose, lactose, sucrose and maltose. 
When the sugar is fermented by the organism and acid is formed, the 
colour of the medium changes from purple-pink to yellow. 


Sugar Medium 5. Litmus Milk 

This is used in testing for the fermentation of lactose and clotting of 
milk. 

Fresh milk is steamed for 20 min. and then allowed to stand for 24 hr. 
in order that the cream may separate. The milk is siphoned off and 
litmus is added in the proportion of 2-5 per cent, of an alcoholic solu- 
tion. The medium is distributed in 5 ml. amounts in screw-capped 
bottles or tubes and then sterilise by steaming for 20 min. on three 
sucMssive da)rs. If bulk-amounts {e.g. 250 ml.) are put up, it is 
advisable not to add the litmus solution until the milk is redistributed in 
smaller amounts, as the colour fades on storing. 

Litmus solution . — Litmus granules 80 g., 40 per cent, ethanol 300 mL 
Grind up the granules and place in a flask with 150 ml. of the ethanol and 
boil for one minute. Decant the fluid and add remainder of ethanol to 
the granules ; then boil for one minute. Decant the fluid and add to ffie 
first quantity of the extract. Make up to 300 ml. with 40 per cent 
ethanol and add 1 N HCl drop by drop, shaking continuously fill the 
fluid becomes purple. To test for correct reaction, take a tu^ of tap 
water and one of distilled water, boil both and add one drop of the 
solution to each; the tap water should be blue and the distilled water 
mauve. 


Sugar Medium 6. Mediyi Red Teat 

The methyl red test is employed to detect the production of auflident 
acid during the fiMinentation of glucose and the maintenance of con^*’ 
tions such that the pH of m (dd culture is sustained below a yalpe el 
*^ht ^5, as shown by a change in the ctflour of the methyl red 
which is added at rile end tff the p^iod of incubatmn. ^ ' 

3f 
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MeMum (“glucose phosphate peptone water”) 

Peptone ...... 5 g. 

Dipotassium hydrogen phosphate, K 2 HP 04 5 g. 

Water 11. 

Dissolve the materials, adjust the pH to 7-6, filter and stylise at 
121“ C. for 15 min. Add glucose (sterilised separately by filtration) to a 
final concentration of 0-5 per cent, in tubes containing 5 ml. medium. 

MeiAod.— Inoculate the fluid medium lightly from a young agar 
slope culture and incubate at 37“ C. for 48 hr. Add about five drops of 
the methyl red reagent (see below). Mix and read j immediately. 
Positive tests are bright red and negative are yellow. If the results after 
48 hr. are equivocal, the test should be repeated with cultures that have 
been incubated for 5 days. For some organisms, incubauon at 30“ C. 
for 5 days is preferable to incubation at 37“ C. for 2 or 5 pays. 

Methyl red indicator solution 

Methyl red 01 g. 

Ethanol 300 ml. 

Make up to a volume of 500 ml. with distilled water. 


Vogea-Proskauer Test 

Many bacteria ferment carbohydrates with the production of acetyl 
mediyl carbinol (CHg . CO . CHOH . CHg) or its reduction product 2, 3 
butylene glycol (CHg . CHOH . CHOH . CHs). The substance^can be 
tested for by a colorimetric reaction between diacetyl (CHs . CO 
CO . CHs — ^formed during the test by oxidation of acetyl methyl carbinol 
or 2, 3 butylene glycol) and a guanidino group under alkaline conditions. 
This test is usually done in conjunction with the methyl red test since the 
production of acetyl methyl carbinol or butylene glycol usually results in 
insufficient acid accumulating during fermentation to give a methyl red 
positive reaction. An organism of the enterobacterial group is usually 
either methyl-red-positive and Voges-Proskauer-negative or methyl red- 
negative and Voges-Proskauer-positive. 

Med&um . — Glucose phosphate peptone water, as for the methyl red 
test. 

Me&rod 1 (O’Meara). — Incubate at 37“ or 30® C. for 48 hr. only. 

Add 0*5 ml. of O’Meara reagent (40 g. potassium hydroxide and 
0*3 g. creatine in 100 ml. distilled water). Place tubes in a 37“ waterbath 
for 4 hr. Aerate by shaking at intervals. A positive reaction is denoted 
by the development of an eosin-pink colour, usually in 2-5 min. 

Metiiod 2 (Barritt). — Incubate at 37“ or 30“ C. for 48 hr. Add 1 ml. of 
40 per cent, potassium hydroxide and 3 ml. a 5 per cent, solution of 
w-naphthol in absolute ethanol. A poutive reaction indicated by 
development of a pink colour in 2-5 min., becoming erknson in 30,ifnin. 
Tlie tube can be shaken at intervals to ensime maximum AerwdOn. 
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Si^ar Medium 7. Eosin Methylene Blue Agsr 

With strongly fermenting organisms, sugar fermentation reactions 
can be observed in cultures on plates of an agar medium containing a 
sugar and an indicator dye. Fermenting colonies m streaks of growth 
become distinctively coloured and the method makes it possible to test 
several pure cultures on the same plate. If a mixture of mrmenting and 
non-fermenting organisms is plated, the different kinds of colonies can 
be r^ogmsed and their relative numbers estimated. The follomi^ 
modification of eosin methylene blue agar is recommended for use with 
sugars in a concentration of 0*5 per cent. 


Peptone (Oxoid L37) .... 3*0 g. 

Dipotassium hydrogen phosphate, K2HPO4 0*6 g. 

Eosin yellow 0*4 g. 

Methylene blue ..... 0*065 g. 

Agar (New Zealand, Davis) . 10-12 g. 

Water 1000 ml. 


Adjust to pH 6*8 and sterilise at 121° C. for 15 min. As the medium 
cools, add 50 ml. of a separately sterilised 10 per cent, solution of the 
sugar to be tested and immediately pour the plates (15-20 ml. per 3| in. 
plate). 

Inoculate the plate to give well-separated streaks or spots of growth, 
or else plate out to give well-separated colonies. Incubate at 37° C. and 
examine after 24 and 48 hr. Colonies of fermenting organisms are red to 
opaque black. Colonies of non-fermenting ones are pale yellow and 
nearly transparent. Full development of the dark red colour may 
require incubation for 48 hr. 


Sugar Medium 8. Desozycholate Agar 

This medium, which differs from Leifson’s DCA in not containing 
ferric anmionium citrate, is less inhibitory to Esch. coK. It gives better 
differentiation of the reactions of crowded colonies than eosin methylene 
blue agar. 


Peptone agar 
Peptone 

Sodium chloride . 


Sodium hydroxide (40 per cent, solution) 

Agar 

Water 


5g. 

5 ml. 

20 g. 

1000 mL 


Melt at 100° C., filter through paper pulp to remove phosphates, 
adjust to pH 74 and sterilise at 121° C. for 15 min. 

Af«&«m.*— To 1000 ml. tff melted peptone agar add in dte fbllowhig 
order:-— 


Sodium desoxy'diolate (10 per cent, solution) . 25ml. - 

Neutral red (1 per cent stdiUion) . . . . 2*7 ml. 
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Sugar (20 per cent, solution) ... 50 ml. 

Tris (hy^ox}unethyl) aminomethane (1 per cent, 
solution) . 50 ml. 

Mix and at once pour in plates (c. 25 ml. per 3^ in. plate). 

Plates must be used soon after l^eir preparation. 

Note . — ^The solutions of neutral red, sugar and Tris are sterilised 
separately before use by autoclaving at 121® C. The desoxycholate 
solution is pasteurised by immersing the bottle in a waterbath at 60° C. 
for 1 hr. or by brin^g momently to 100° C. On keeping, this 
solution tends to precipitate and it may have to be warmed to 60° C. to 
melt it before use. | 

For Esch. coU, dehydrocholic acid, which is less inhiibitory to this 
organism, may be substituted for the desoxycholate. \ 

After incubation for 24 or 48 hr. at 37° C., colonies ra fermenting 
organisms are bright red and opaque. Those of non-fermenting 
organisms are pale and transparent. \ 


Sugar Medium 9. Bitter Medium 

This medium (Bitter, Weigmann & Habs, 1926) distinguishes only 
the reactions of strongly fermenting organisms, i.e. those giving marked 
fermentation within 5-10 hr. at 37° C. in the conventional peptone water 
media (sugar media 1 and 2, above). The Bitter reaction With xylose is 
observed in the “fermentation t 3 rping” of organisms such as S. typhi- 
murium {e.g. Kallings and Laurell, 1957). 


Medium 

Peptone 0*05 g. 

Na2HP04 . 2 H 2 O 0-5 g. 

(NH4)2S04 . . 1*0 g. 

Sodium citrate . 2*0 g. 

Sodium chloride . . 2*0 g. 

Water (distilled) 1000 ml. 


Adjust to pH 7'1 and sterilise at 121° C. for 15 min. Before use, add 
50 ml. of a separately sterilised 10 per cent solution of the test sugar 
{e.g. xylose), giving a final concentration of 0*5 per cent. Tube to a 
depth of c. 6 cm. and steam at 100° C. for 30 min. 

M^hod . — Inoculate with a loopful of a suspension of 1-4x10* 
bacteria per ml. prepared in saline solution from a 24-hr. agar slope 
culture. Incubate at 37° C. for only 20-22 hr. and then test by adding a 
few dri^s of a 0*5 per cent, solution of methyl red in ethanol. A red 
colour is positive, orange is doubtful and yellow is negative. 


Organic Acid Fermentatiim Media 

Fommtation reactions udth certain (»ganic adds are used in the 
ident ifi ca ti on and fermentatiim ^ii^ of Mlmourflaiji ( Kyiifiinan n. 
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Bose Medium 

Peptone {e.g. Bacto>peptone, Difco) 

O-lATNaOH ..... 

Bromothymol blue (1 in 500 solution, p. 815) 

Distilled water 

Complete Media 

Add to the base medium one of the following acids to the stated 
concentration: — 

D-tartrate, Le. sodium potassium tartrate, dextro-rotatory, 1 per cent. 

L-tartrate, i.e. tartaric acid, laevo-rotatory, 0-5 per cent 

M-tartrate, i.e. tartaric acid, inactive, 0’5 per cent. 

Citrate, i.e. sodium citrate, neutral powder, 1 per cent. 

Mucate, t.e. mucic acid, 1 per cent. 

Adjust the complete mediwn to pH 7-4 by the addition of 5 JV NaOH, 
tube to a depth of c. 6 cm. and sterilise at 121 ° C. for 15 min. Take care 
to dissolve all the mucic acid before tubing. 

Method. — Inoculate with a loopful of a 20-hr. broth culture and 
incubate for 14 days at 37° C. Observe the colour of the tests daily. 
Positive reactions are generally shown by a shift from blue to green or 
yellow after 1 or 2 days, followed by reversion to blue. After 14 days, 
add to each tube of tartrate and citrate medium 0*5 ml. of a neutral 50 per 
cent, solution of lead acetate per 4 ml. medium; allow the tubes to stand 
undisturbed for a further 24 hr. at room temperature. A negative 
reaction is shown by the presence of a bulky precipitate occupying more 
than half the depth of the medium. A positive reaction is shown by a 
diminution in the volume of the precipitate so that, after settling, it 
occupies less than a quarter the depth of the medium. 

An uninoculated tube of each medium is incubated along with the 
inoculated tubes to serve as a control. Lead acetate is added to this tube 
at 14 days and the amount of precipitate formed serves to indicate the 
result of a negative reaction. 


10 g, 

8-5 ml. 
12 ml. 
1000 ml, 


Stem’s Glycerol Reaction 

This reaction is also used in the identification and fermentation 
typing of salmonellae. It depends on the ability of the organism to 
convert glycerol into an aldehyde product that re-colounses fuchuh- 
sulphite. 


Stem’s (1916) Gfycend Fuchsin Broth 
Solution 1. — ^Meat extract (Lab-Lemco) 
Peptone . . . . 

Water . . . . 


lOg. 

20g. 

1000 ml. 


Adjust to pH 8*0. 

Sohrtiion 2.— Saturated alcoholic solution of basic fudhsin (10 per 
cent). 
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Solution 3. — Fresh 10 per cent aqueous solution of anhydrous 
sodium sulphite. 

Medium.-»Mix 1000 ml. of solution 1, 2 ml. of solution 2, 16*6 
ml. of solution 3 and 10 ml. of glycerol. Tube to a 
depth of c. 6 cm. and sterilise at 121° C. for 15 min. 

Method . — Inoculate from a culture on agar and incubate at 37° C. for 
7 da]^. Examine daily for the development of a deep red colour and 
note the day of its development. Usually the reaction is fully developed 
at 2 days. An uninoculated tube should be incubated as a control and 
this should remain uncolomed or become only faintly pink. 


TESTS FOR PROTEINASES AND AMINO\aCID 
BREAKDOWN 

Tests for proteolysis 

Gelatin Liquefaction 

Proteolytic organisms digest proteins and consequently may liquefy 
gelatin and coagulated serum. Cultures in meat media cause blackening 
of the meat, decomposing it and reducing it in volume with the forma- 
tion of foul-smelling products. Strongly proteolytic organisms will 
decompose gelatin, coagulated serum and cooked meat, whereas weakly 
proteolytic organisms may not attack the meat, and some not the 
coagulated serum. Thus, liquefaction of gelatin is a routinely used 
index of proteolytic activity useful in differentiating certain organisms, 
but a positive result may take many days to develop. 

For bacteriological use an edible grade of gelatin is preferred, since 
this is free from preservatives and inhibitory amounts of heavy metals. 
Gelatin will not by itself support the growth of many pathogens and it is 
added to a liquid nutrient medium to produce a firm gel sometimes called 
“nutrient gelatin”. The proportion of gelatin used varies, but 15 per 
cent, is a suitable average. 

It is important that the gelatin medium should not be ^osed to a 
high temperature for longer than recommended, otherwise it may be 
partially hydrolysed and not solidify on cooling. 

Medium — ^Nutrient gelatiiL 

Add 15 per cent, of gelatin to the required amount of nutrient broth 
(p. 740) and hold at 4° C. overnight. 

Next day dissolve the gelatin at 45° C., adjust to pH 84, and steam 
for 10 min. Cool quickly to 45° C. and slowly add me beaten white of 
two eggs, or 10 g. egg albumin dissolved in 50 ml water, or 50 ml. of 
serum, per litre of medium; this helps to clear the medium of colloidal 
particles. Steam for 30 min., stirring occasionally. Filter ffjrough 
paper pulp or fUtw paper. The reaction should be approxiinately 
7*6, but smy require a little adjustnmnt Bottle in 12 nd. amciyypits. 

Sterilise by holding in the autoclave in free steam (100° C.) for 16 mm- 
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followed by 115° C. for 10 min. Remove from the autoclave aa quiddy 
as possible and keep at a low temperature. 

The resulting medium is perfectly transparent when solid, and 
should be of firm consistency, yet not so stiff that it is split by die wite 
when inoculated. 

Method. — K stab culture of the organism to be tested is made using 
an inoculum from an agar slope culture. Pathogenic bacteria are 
usually grown at 37“ C. and negative tests may be observed for as long as 
30 days. Gelatin at the concentration used melts at about 24“ C. and is 
therefore fluid at 37“ C. Liquefaction is tested for at intervals by 
removing the nutrient gelatin cultures from the incubator and holding 
them at V C. for 30 min. before reading the results. 

Miscellaneous Tests for Proteolysis 

A combined test for hydrogen sulphide production and gelatin lique- 
faction is described on p. 825. 

If proteolytic organisms are grown on a buffered nutrient agar 
medium containing 0-4 per cent, of gelatin, 1-5 per cent, of agar, and 
0-005 per cent, of glucose, zones of altered gelatin around the colonies 
can be demonstrated by flooding the medium with a 1 per cent, solution 
of tannin acid (zones become more opaque than the surroimding 
medium) or an acid solution of mercuric chloride (zones are rendered 
less opaque than the surrounding medium) — see Barer (1946). 

A glucose-gelatin medium containing 12 per cent, of gelatin wi& 1 
per cent, of glucose, and phenol red as an indicator of acid production, 
has been recommended by Willis & Hobbs (1959) who have also incor- 
porated milk in a complex medium; proteolytic organisms show zones of 
fl^arin g as a result of decomposition of milk protein in solid mei^ 
containing milk. Certain organisms producing clotting of litmus-mi& 
medium may proceed to decompose the clotted milk by proteolytic 
activity. 


Lii|uefsctioii of Charcoal Gelatin Disks 

The method of Kohn (1953) employing sterile disks or cubes of 
formaldehyde-denatured gelatin containing fmely powdered dtarcoal » a 
very rapid and convenient test for proteolysis. 

• The sterile disk » pidted from its bottle with a hot inoculating wne, 
to which it adheres, and is transferred into a newly inoculated w 
already grown culture in Uquid medium. The culture is incubated with 
the disk for up to a week at 37“ C. (The denatured gelatin docs not mdt 
at this temperature.) Liquefaction of the gelatin is Aown by the 
settling of free carbon particles to the bottom of the medium aud, wer, 

by Ae complete disintegration of the disk. , , ^ 

If the d * skf are added to a cuRurc that is already fully grown or ,to a 
dense suspension in peptone water of a young culture gt^ 

liquefaction inay be dwwrved after only a few hours ^ 

Lautrop (1956) has dweriM * modification of the test foe 
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demonstration of a special, caldum-dependent gelatiuMe prewnt in 
cntain organisms (e.g. SalmotuUa abortus-bovts, S. and 

S, texas). Organisms grown at 22° C. on agar are su^>ended to high 
density in 3—4 ml. saline containing O’Ol M CaClj, a gelatin-charcoal disk 
is added and the test is incubated at 37° C. for up to 3 days. 


Amino Acid Decarboxylase Tests 


This test (see Mailer, 1955) is based on the ability of some bacteria to 
decarboxylate an amino acid to the corresponding amine with the libera- 
tion of carbon dioxide. The production of diese dedurboxyl^s is 
induced by a low pH and, as a result of their action, tl^e pH rises to 
neutrality or above. 


Medium 

Peptone 

Meat extract .... 

Glucose 

Pyridoxal ..... 
Bromocresol purple (1 in 500 solution) 
Cresol red (1 in 500 solution) 

Distilled water .... 



5 g. 
0-5 g. 


5 mg. 

5 ml. 
2-5 ml, 
1 1 . 


Dissolve the solids in water and adjust the pH to 60 before the 
addition of the indicators. This is the basal medium and to it is added 
the amino acid whose decarboxylation is to be tested. Divide the basal 
medium into four portions and treat as follows: 


(1) Add 1 per cent. L-lysinc^ hydrochloride. 

(2) Add 1 per cent. L-ornithine^ hydrochloride. 

(3) Add 1 per cent. L-arginine^ hydrochloride. 

(4) No additions (control). 

Readjust the pH to 6-0 if necessary. Distribute 1 ml. quantities in 
small tubes containing sterile liquid parafiin to provide a layer about 
5 mm, thick above the medium. Autoclave at 121° C. for 15 min. 

AfelfaMf.— Inoculate lightly through the paraffin layer with a straight 
wire. Incubate and read daily for four days. . , • 

The media first becomes yeUow_due to acid production durmg 
glucose fermentation; later, if decarboxylation occurs, the medium 
becomes violet. The control should remain yellow. 


Hydrogen Sulphide Production Test 

Some organisms decompose sulphur-containing amino amds to form 
hydrogen sulphide among the products. The hydrogen sulphide is 
usuaUy tested for by demonstrating its abifity to form a blade insoluble 
ferrous salt. 

^ If £)L compoiMiiti Are mc}» «4d 2 p<br cent, df tbd imino icid. 
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MeMum 

Meat attract 7.5 g. 

Peptone ... 25 g. 

Sodium chloride, NaCl 5 g. 

Gelatin . . . 120 g. 

Distilled water 1 L 

Adjust the pH to 7-6, steam and filter. Sterilise in the autoclave for 
10 min. in free steam and then at 1 15® C. for 10 min. Remove from the 
autoclave as quickly as possible and cool to about 55° C. Add 5 ml. of a 
freshly prepared 10 per cent, solution of ferrous chloride sterilised by 
filtration. Tube the medium in narrow tubes and seal with corlu 
impregnated with paraffin wax. 

Method . — Inoculate with a straight wire (| in. deep) and incubate at 
20° C. for at least 7 days. Inspect daily for blackening due to the 
production of HjS. 

This medium contains gelatin and may therefore also be used to test 
for gelatin liquefaction (see p. 822). 

It should be noted that hydrogen sulphide can be produced by a very 
large number of bacteria, at least in small amounts. Therefore the test 
must be poised at a certain definite level of sensitivity such as that 
described above for use in group differentiation within the Entero- 
bacteriaceae. Methods have been developed using lead acetate strips 
suspended over peptone water cultures; these may be of value in intra- 
group differentiation, but it must be realised that such methods have a 
different sensitivity from that described above, and therefore give 
different results. 


Phenylalanine Deaminase Test 

This test indicates the ability of an organism to deaminate phenyla- 
lanine with the production of phenylpyruvic acid which will react with 
ferric salts to give a green colour. 

Medium 

Yeast Extract 

DL-phenylalanine . . . ■ 

(or L-phenylalanine . . ■ • 

Disodium hydrogen phosphate, NagHPO* 

Sodium chloride, NaCl 



rViAf-nisk/l <a7<itAr 

Adjust the pH to 74, sterilise by autoclaving at 121° C. for 15 min. 
and pour into tubes as long slopes. 

MrtAorf.— Inoculate with a fairly heavy inoculum. Incubate for 4 hr, 
or, if desired, for up to 24 hr. at 37° C. Allow a few drom of a ip per 
cent, solution of ferric diloridc to run down over the growth on theriftnt# 
If the tt«t is positive^ a green colour will develop in the synereais fluid 
^ndin^slaqt. 


2g. 

Ig.) 

Ig. 

5g- 

12 g. 
1 1 . 
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Indole Test 


This test demonstrates the ability of certain bacteria to decompose 
the amino acid tryptophane to indole which accumulates in the medium. 
Indole is then tested for by a colourimetric reaction with p*dimethyl 
aminobenzaldehyde. 

Medium for growth 

Peptone (brand containing sufficient tryptophane) 20 g. 

S<^um chloride, NaCl 5 g. 

Distilled water j . 1 1. 

Adjust the pH to 7*4. Sterilise by autoclaving at 121r C. for 15 min. 

Method . — Inoculate medium and incubate for 48\hr. at 37® C. 
Sometimes a period of 96 hr. at 37° C. may be requireo for optimum 
accumulation of indole. Add 0'5 ml. Kovac’s reagent an^ shake gently. 
A red colour indicates a positive reaction. 


Kovac's Reagent 
Amyl or isoamyl alcohol 
p-Dimethyl-aminobenzaldehyde 
Cone, hydrochloric acid, HCl 


150 ml. 

10 g. 

50 ml. 


Dissolve the aldehyde in the alcohol and slowly a/dd the add. 
Prepare in small quantities and store in the refrigerator. Shake gently 
before use. 


MISCELLANEOUS TESTS 
Urease Test 

Bacteria, particularly ‘those growing naturally in an environment 
exposed to urine, may decompose urea by means of the enzyme urease 

NHjs . CO . NH,+HjO — ►2NH8+CO, 

The occurrence of this enzyme can be tested for by growing the 
organism in the presence of urea and testing for alkali (NHj) production 
by means of a suitable pH indicator. An alternative method is to test for 
the production of ammonia from urea by means of Nessler’s rei^^t. 

Medium 1 (Christensen’s medium) 

Pq>tone 1 g. 

Sodium chloride, NaCl ... 5 g. 

Dipotassium hydrogen phosphate, KgHPOf 2 g. 

Phenol red (1 in 500 aqueous solution) . 6 ml. 

Agar 20 g. 

Distilled water I t 

The pH is adjusted to 6*8-6’9 and the basal medhun is stenijsed by 
autoclaving at 121® C. for 15 min. When it has cooled to sdxitit ^0®, » 
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sterile solution of glucose is added to give a final concentration of 0*1 pw 
cent., and 100 ml. of a 20 per cent, solution of urea previously sterilised 
by filtration is added. The medium is tubed as deep slopes. It may, 
however, be used in fluid form without a gar . 

Method 1 

Inoculate heavily over the entire slope surface and incubate at 37® C. 
Examine after 4 hi. and after overnight incubation, no tube being 
ascribed negative until after 4 days’ incubation. Urease-positive culture 
produce a purple-pmk colour due to a change in the colour of the 
indicator. 

Medium 2 (Elek’s test) 

Prepare a substrate solution of pH 7*2 containing 2 per cent, urea as 
follows: Add 35 ml. of 0*2 N NaOH and 4 g. urea to 50 ml. of 0*2 M 
KH 2 PO 4 , and make up the volume to 200 ml. with ammonia-free distilled 
water. Sterilisation of this substrate is not necessary, and it can be 
stored in a stoppered bottle (with the stopper smeared with petroleum 
jelly) in the refrigerator. Freshly prepared substrate should be checked 
with a kno^ urea-splitting organism, and for the test a negative control 
and an uninoculated blank must be included. The glassware must be 
scrupulously clean but not necessarily sterile. 

Method 2 

Emulsify sufficient of a 24-hour culture of the organism to be tested, 
in 0*5 ml. of the substrate in a 3 x | in. tube. The fluid should be 
distinctly opalescent. Place the tube in a water-bath at 37® C. for 
3 hr. RemC!W the tube and add 0*1 ml. of Kessler’s reagent, and a 
similar amount to the negative control and blank tubes. Read the 
result 3 min. after adding the Kessler’s reagent. Both negative and 
control tubes must be absolutely colourless. A positive reaction is 
shown by a colour ranging from a pale but distinct yellow to a dark- 
brown precipitate. The time of incubation is important and should be 
strictly adhered to. 

When isolated colonies are to be examined, the volume of subEtrate is 
reduced to 0*3 ml. and only one drop ^ Kessler’s reagent used. 1Read- 
ings are taken 4-5 min. after nesslerisation. 

I 

Catalase Teat 

This demonstrates the presence of catalase, an enzyme that cata^nei 
the release of oxygen from hydrogm peroxide. 

One mL of hy^<^^ peroxide stdution, H^Oj (10 yoL), is poured mtx 
a 24-hr. nutrient agar slope culture of the test organism and the tube is 
held in a rimiting poution. , , ’ 

Alternatirely, a «mall amount of the culture to be tested is pklied 
from's ntitririitagat dope, uring a clean sterile platinum loop itf aeieaii; 
dun g^laisf^ (a seriedo^ilh^ tu^ may be used for this purpose), sad 
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this is inserted into hydrogen peroxide soluticm held in a smidl dean 
tube. Enou^ materid may be picked from a single colony to give a 
reaction by this mediod. 

The production of gas bubbles from the surface of the solid culture 
material indicates a positive reaction. It occurs almost immediately. 


Oxidase Test 

This test depends on the presence in bacteria of certain oxidases 
that will catalyse the transport of electrons between electron donors in 
the bacteria and a redox dye — tetramethyl-p-phenylene^diamine. The 
dye is reduced to a deep purple colour. I 

The test is used for screening species of iVisurma, AkaUgenes, 
Aerommas, Vibrio and Pseudomonas, which give positive reactions (see 
Steel, 1961) and for the exclusion of the Enterobacteriaceae, all species 
of which give negative reactions. \ 

Plate method . — Cultures are made on a suitable solid growth medium. 
A freshly prepared 1 per cent, solution of tetramethyl-p-phenylene- 
diamine dihy^ochloride is poured on to the plate so as to cover the 
surface, and is then decanted. The colonies of oxidase-positive organ- 
isms rapidly develop a purple colour. If subcultures are required from 
the colonies, they should be made immediately; after 5 inin. exposure 
to the reagent it may not be possible to subculture them. ' 

Dry filter paper method . — Since the oxidase reagent is unstable and has 
to be freshly prepared for use, the following method is convenient. Strips 
of Whatman’s No. 1 filter paper are soaked in a freshly prepared 1 per 
cent solution of tetramethyl-p-phenylene-diamine dihydrochloride. 
After draining for about 30 sec. Ae strips are freeze-dried and stored in a 
dark bottle tightly sealed with a screw cap. The papers have a l^ht 
purple tint and will keep for several mont^ in an airtight container at 
room temperature. For use, a strip is removed, laid in a Petri dish and 
moistened with distilled water, '^e colony to be tested is picked up 
with a platinum loop and smeared over the moist area. A positive 
reaction is indicated by an intense deep-purple hue, appearing within 
5-10 sec., a ’’delayed positive” reaction by colouration in 10-60 sec., and 
a negativereaction by absence of coloration or by coloiuation later than 
60 sec. 

Wet filter paper method. — A. strip of filter paper is soaked with a little 
freshly made 1 per cent solution of the reagent and then at once used 
by rubbing a spec^ of culture on it with a platinum loop. The result 
is read as for ^ dry filter paper me^od. 

Note that the reagent must be freshly made and the bacterial growth 
must be transferred to the test paper with a dean platimm loop or a 
dean glass rod, since traces of iron will catalyse the reaction and give 
false positive results. If the colony is small it may be necessary m pidc 
up mater^ from several similar colonies in order to have su ffk ae pt to 
gm a dxoi^ reaction. When testing colonies fxosa MacConk^s 
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medium, a pink- violet colour is due to carry-over from the media and is 
not a true oxidase reaction ; the true reaction gives ao intm^ purple hue. 
Dimethyl-p-phenylene-dianune oxalate, 1 per cent., may be used in 
place of the tetra-methyl-p-phenylene-diamine dihydrochloride in this 
paper-strip test. 


Carbohydrate Utilisation Teats 

Bacteria that are capable of growing on a simple, chemically defined 
medium (i.e. prototrophic bacteria), can readily be tested for their ability 
to use a given compound as their sole source of carbon and energy. A 
defined medium such as that of Davis and Mingioli (p. 739) is prepared 
with the test compound substituted for the normal carbon and energy 
source {i.e. glucose and citrate in Davis and MingioFs medium). The 
medium is usually made with agar and poured in plates. The organism 
is inoculated lightly in a streak or by plating out. After a suitable period 
of incubation the plate is examined and the appearance of bacteritd 
growth indicates that the bacterium has been able to utilise the test 
compound. 

Growth is often slower on a defined medium than on the ordinary 
peptone-containing media and observations should be continued for up 
to 7 days during incubation at 37° C. Usually growth is well-developed 
at 2 da}rs. 

The inoculiun for these tests should not be heavy and should not be 
made from a broth culture in case so large an amount of nutritive organic 
matter is carried over with the inoculum into the test medium as to 
support a visible amount of growth. Preferably the bacterium is first 
grown for 18-24 hr. on an agar slope. A small amount of this growth is 
suspended in sterile saline solution to give a suspension of about 1-5x10^ 
bacteria per ml. and a small loopful of the suspension is used to inoculate 
the defined medium. 

Bacteria that fail to grow on the simple defined medium when 
glucose and citrate are present as sources of carbon and energy generally 
do so because they require as additional nutrients one or more specific 
amino acids or vitamins; they are described as auxotrophic. Growjh 
tests made on further defined media supplemented with single amino 
adds or vitamins, or different combinations of these, will enable the 
particular nutritional requirements cd an auxotroph to be determined. 

Citrate UtUisation Test 

This is a test for the ability of an organism to utilise dtrate as the sole 
carbon and energy source for growth and an ammonium salt as the sole 
source of nitrc^n. Koser’s liquid citrate medium or Simmons’ citrate 
agar may be used. 

ii^orer’f (modified) 

So^um boride, NaQ S-O g* 

hfagncsimn sulphate, MgS 04 ‘ * i 

Aad^onium dihydrogen phosphate, NH 4 HSPO 4 . UO g. 
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PotasMum difaydrogen phosphate, KH 2 PO 4 I'O g. 

Sodium citrater NajCjHjO, . 2HjO S'O g. 

Distilled water 1 1 . 

The pH should be 6 * 8 . The medium is sterilised by autoclaving at 
121° C. for 15 min. 


Simmons' Medium 

Simmons’ citrate medium is a modification of Koser’s medium with 
agar and an indicator added. To each litre of Koser’s medium is added 
20 g. washed agar and 40 ml. of a 1 in 500 aqueous solution of bromo- 
thymol blue (see p. 815). 

The medium is sterilised by autoclaving and is poilred as slopes. 

Method . — Inoculate from a saline suspension of th^ organism to be 
tested. Incubate for 96 hr. at 37° C. 

The results are read as follows: 

(1) Koser’s citrate medium: 

Positive = Turbidity, *.e. growth. 

Negative = No turbidity. 

A positive test should be subcultured into a second tube to 
eliminate false positives due to an excessive initial inoculum. 

(2) Simmons’ citrate medium: 

Positive =Blue colour and streak of growth.. 

Negative Original green colour and no gro>^h. 


Nitrate Reduction Test 

This is a test for the presence of the enzyme nitrate reductase which 
causes the reduction of nitrate, in the presence of a suitable election 
donor, to nitrite which can be tested for by an appropriate colourimetric 
recent. Almost all enterobacteriaceae reduce nitrate. 

Medium 

Potassium nitrate, KNOj (nitrite-free) .0*2 g. 

Peptone 5*0 g. 

Distilled water 11. 

Tube in 5 ml. amounts and autoclave at 121° C. for 15 min. 

Method . — Inoculate and incubate for 96 hr. 

Test reagent 

Solution A. Dissolve 8*0 g. of sulphanilic acid in 1 1. of 5 A 
acetic add. 

Solution B. Dissolve 5*0 g. of a-naphthylamine in 1 1. of 5 iV 
acetic add. 

Immediately before use, mix equal volunm of solutions A and B 
to give the test reagent. 

Add 0*1 mi. of the test reagent to the test culture. A red colour 

-elming wit^ a few min. mScates the presence of nitrite and Bence 
the tdbuity of &e organism to rdluce nitrate. 
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Gluconate Test 

This is a test for the abUity of an organism to oxidise gluconates to 
the 2 keto-gluconate which subsequently accumulates in the medium 
(see Shaw & Clarke, 1955 ; Carpenter, 1961). The basis of the test is the 
change from gluconate, a non-reducing compound when tested willi a 
suitable reagent, to 2 keto-gluconate, which is a reducing compound 
when so tested. 


Medium 

Peptone 1-5 g. 

Yeastrel (Yeast extract) ... 1*0 g. 

Dipotassium hydrogen phosphate, KjHPO* 10 g. 

Potassium gluconate .... 40*0 g. 

Distilled water 11. 


The pH, after solution, should be 7-0. Distribute in 10 ml. quan- 
tities in screw-capped bottles and autoclave at 121® C. for 15 tnin. 

Method . — ^Add 1 ml. of the medium aseptically into a clean, sterile 
tube. Inoculate and incubate at 37® C. for 48 hr. Then add 1 ml. of 
Benedict’s reagent for reducing sugars or one “Clinitest reagent” tablet 
(Ames Co., Nuffield House, London, W.l). Place the tube in a boiling 
water bath for 10 min. Observe for the production of a coloured 
precipitate of cuproxis oxide. 

Positive result = green to orange precipitate. 

Negative result^ffie blue colour of the reagent is imchanged. 


Malonate Utilisation Test 

This tests the ability of an organism to utilise sodium malonate. 
Medium 

Yeast extract 1 8* ’ 

Ammonium sulphate, (NH4)2S04 . • 2 g. 

Dipotassium hydrogen phosphate, K2HPO4 0-6 g. 

Potassium dihydrogen phosphate, KH2PO4 . . 04 g. 

Sodium chloride, NaCl 2-0 g. 

Sodium malonate 3*0 g. 

Bronmthymol blue 0*025 g. 

DistiUed water 11* 

Adjust the pH to 7*4 if necessary. Sterilise by autoclaidng at 121® C. 
for 15 min. 

Inoculate frcnn a young agar slope culture and tncnbi^ 
37® C. for 48 hr. Pdsitive results are indicated by a change in cdlour of 
^he indmatm* from pretm to blue due to the rise in pH conseqw^t upon 
utiliaati^ of sodium malonate. 
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Combined M^donste UtilisBtion end 
Deaminaee Test 


This combines the two tests already described (see Shaw & Oarie 
1955). 


Medium 

Anunonium sulphate, (NH 4 ) 2 S 04 . . 

Dipotassium hydrogen phosphate, K 2 HPO 4 
Potassium dihydrogen phosphate, KH 2 P 04 
Sodium chloride, NaCl 
Sodium malonate 
DL-phenylaknine 
Yeast Extract .... 

Distilled water .... 


20 g. 
0-6 g. 

0-4 g. 

20 g. 

3 0 g. 

2 0 g. 

10 g. 

1 1 . 


Steam for 5 min. and filter through paper 
cent, solution of bromothymol blue in absolute ethanol. 
10 ml. quantities and autoclave at 121° C. for 15 min. 


Add 5 mi of a 0-5 per 
Distribute in 


Method . — Distribute aseptically in 1 ml. volumes in small sterile 
tubes. Inoculate, incubate overnight, and read results as follows: 

(1) Malonate utilisation test. 

Observe colour of medium. 

Blue = positive. 

Green = negative. 

(2) Phenylalanine deaminase test. 

Having recorded the result of the malonate test, acidify with a 
few drops of 0.1 AT HCl until the colour of the medium becomes 
yellow. Add a few drops of a 10 per cent, aqueous solution of 
ferric chloride, shake and observe colour. 

Dark green = positive. 

Yellow-buff = negative. 


Potassium Cyanide Test 

This tests the ability of an organism to grow in the presence of 
cysmide. 


Medium (MoUer) 

Peptone 3 g. 

Sodium chloride, NaCl .... 5 g. 

Potassium dihydrogen phosphate, KH 2 PO 4 0-23 g. 

Disodium hydrogen phosphate, Na 2 HP 04 . 2H.0 5-64 g. 

Distilled water 11 . 


Adjust to pH 7'6 if necessary. Sterilise by auteckving at 121° C. for 
15 min. and dien refrigerate until totally chilled. To die cold medium 
add 15 mL of a 0-5 per cent, solution of potassium cyanide, KCN {0 S g- 
KCN dissolved in 100 ml. of sterile distmed water). Distribute In 1 



IIIBCSLLANBOWB TBSTfl 


afflotdite ^ l^fou bottte, tigh% wi^out delajr aod atwiw at 
4«C. Willies for 4 weeks under thfiaecond^ 


Mel^.'^Xnocukte ftom a 2^hr. nutrient broth culture and fai- 
cubate at 37® C. with the cap tightly screwed down to prev<Kit ait 
exchange. Observe after 24 hr. and 48 hr. for a poritive result, Li, 
turbidity produced by growth. 


Niacin Teat 

This test is used in the differen^tion of the mycobacteria. Tubercle 
bacilli of human type produce niacin (nicotinic acid) and riiis is detected 
using cyanogen bromide and aniline. 

Reagents 

Cyanogen Bromide . — A 10 per cent, aqueous solution is used. Cya- 
nogen bromide liberates toxic fumes and should be stored in a 
dark-coloured well-stoppered bottle in the refrigerator. The 
solution should be prepared in a fume cupboard and stored in a 
refrigerator. It is made up once a fortnight. 

Aniline. — A 4 per cent, (v/v) solution in 96 per cent, ethanol is used. 
The aniline should be redistilled if coloured. The solution can 
be stored in the refrigerator for at least a month. 

Method . — Cultures of mycobacteria should be grown on slopes of a 
colourless medium, e.g. the oleic acid — albumin agar medium of Dubos 
and Middlebrook (1947) incubated at 37° C. At intervals up to 10 weeks 
a slope is removed from the incubator and to it is added 1 ml. of the 
cyanogen bromide solution, followed after five min. by 1 ml. of the 
aniline solution. The development of a yellow colour in the test fluid is 
regarded as positive. The yellow pigment of certain chromogenic 
strains does not diffuse from the colonies and so can be distingtushed 
from a positive test. After the test has been read, a few ml. of 10 per 
cent, amm onia solution are added to the bottles to destroy ibe residual 
cyanogen bromide before submitting the cultures for sterilisation. 


Detectioa Motility by Cultivatioii in Semi4Solid 
Nutrient Agar 

In semi-solid agar media, motile bacteria “swarm” and give a diffi^ 
spreading growth that is easily recogmsed by the naked eye. Morihty 
may thus be detected more easily than by the microscopical “ h a ngin g 
drop” method. 

The ovacf optimal concentration of a^ depends on the parttcolar 
brand used and must be determmed by trial; usually it is about^ p« 
cent, of Japweae agar or 0-2 per cent of New Zeal^ agar. Tnis » 
dissolved in nutrient broth or p^ton® water. It is important that 
final medium diould be quite clear and transparent, piapeow 

^unts in test tubes and leave m set in the vmticalpom^apu 

with a straiih'i' wire, a single stab down the centre of 
3o 
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about half the depth ttf die medium. Incubate under the oondili^ 
hivouting motiUty. Examine at intarvidB, *.g. after 6 hr. and 1, 2 and 6 

days when incubating at 37® C. «s j ^ 

Non-motile bacteria generally give growths that are confined to the 
stab-line, have sharply defined margins and leave the siarrountog 
medium clearly transparent. Motile bacteria typically give diffus^ ^ 
growths that spread throughout the medium rendering it slightly 
opaque. The outgrowth may reach the walls of the tube afto a few 
hours and the foot of the tube after one or two days. It is best obseiv^ 
by while there is still some transparent medium not yet m^ded. 

With a non-motile strain that yields m<^le variants, a discrete hne of 
growth is formed along the stab and diffuse ou^owths then fan out 
from one or two points. Sharply defined finger-like oiKgrowths mi^ be 
given by some kinds of poorly motile bacteria, and also by some kinds of 
non-motile bacteria, apparently by their “falling” through cl^ in Ae 
medium; these doubtl^ cases may be resolved by use pf the hanging 
drop” method. 



(«) 

Non-motile 



( 4 ) 

Motile 


Fio. 64 

Disgram showing growth of s non-motilS'orgMaKn (a) restricted to “ 

(6) extends m a xone of turbidity from the stab bne. 


ConqNwite Mc^ for Arddmlmry I d wrti flcat ioa of 
&iterolwctefi» 

The following modifiauion of Kc^’s inetiiod (Gfilies, 1^56) « » 
reliable sub^tute for tiie conventional mefliod deacribied to p. ® 
determine the biochemical idrotity of TOn-lactoee-f«rm«rtw^.®<wMB 
prior to oonfirmatiro by sezdo^cal Qrpiog* 
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$35 


MeM 


Cempodtemeddml 

Beaextract 

. 2;fr 

Proteose peptone No. 3 (Difco) 

. . IS g. 

Yeast extract 

. . 2g. 

Glucose 

. . l |. 

Mannitol 

. . lO g, 

Agar 

. . 16g. 

Indicator mixture .... 

. . 26*5 ml. 

Distilled water 

. 11. 

Adjust pH to 7*2 



After autoclaving at 115° C. for 15 min. and cooling to 60° C., 50 ml. of a 
20 per cent, urea solution sterilised by filtration are added and ibte 
medium is distributed aseptically in sterile test-tubes to a depth of 6-5 
cm. and allowed to solidify in a sloped position so as to provide a butt of 
2-5 cm. 

Indicator mixture. Three separate 0*2 per cent, indicator solutions 
are made up. 


Indicator 

grams 

m/.0 05NNaOH 

Add ml. footer 

Bromothymol blue 

0*20 

6-4 

100 

Cresolred 

0*20 

10*6 

100 

Thymol blue 

0*20 

8*6 

100 


The final indicator is obtained by mixing the individual solutions in 
the following proportions: 


Bromothymol blue 
Cresolred . 
Thymol blue 


12-5 ml. 
4mL 
10 ml. 


Composite medium II 
Agar 

Bacto-peptone (Difco) . 
Tryptonc (Difco) 
Sodium cUoride, NaCl 


. lOg. 
. lOg. 

. 5g. 


Disodium hydrogen phosphate, Na}HPO|, I 2 H 2 O . 0*25 :g. 

• ■ iPg. 

• • Wg- 

. . 0*01 g. 


Sucrose 

Salidn 

Bromothymol blue 

Sodium thiosu^hate, NajStO}, SHgO 
Distilled water . ... 

Adjust pH to 7*4 

The medium is diluted into test-tubes in 8 ml4 atocmttSi awiai- 
claved at 121° C. for 15 min. and to set 


It 


vertical position. 

Lead metaite papers. Strfos (5 mm.x50ffim.) filter paparfte 
impw fnated stourstod scetsto sedation and dried la an mnm 


solution: 
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^dime&yl-aminobenzaldehyde 5 g. 

Metlianol 50 nd. 

o-phc»phoric acid . . 10 nd, 

and are dried at 70° C. for a minimum period. 

The two media are inoculated with a long straight wire charged from 
colonies of the organism to be idoitified; medium I is inoculated by both 
smearii^ the slant and fben stabbing to the base of the butt; medium II 
is then inoculated by a single stab into its upper ^ inch; fihidly, the two 
test papers are suspended above the latter medium and held by the 
cotton-wool stopper. 


Identifying Patterns of Organisms by the Composite Medu 
(18 hr. incubation at 37° C.) 


Organism 


Fermentation of 


Glucose Mannitol 



S. typki 

1 

X 

Other salmonellael 


X 

SK roitnri 

1 

X 

Sh. flexneri 

J. 

X 

Sh, sekmitzi 

1 


Proteus group 

(-) 

(-) 


o.fi 


+ 




'SI 




Key to table: Fermentation tests + »acid and gas produced. 

X«=acid only for glucose; acid for mannitol 
(gas production not observable). 

— =no reaction. 

Vss variable. 

Other tests + « positive. 

— ss negative. 

Vss variable. 

( — ) =s apparent negative reaction. 


Results ~ — 

In medium I the fermentation of glucose is indicated by the butt 
f^hang in g from deep green to yellow and dutt of mannitol by the develop- 
ment dl a ydlow slant. Urease production produces a deep blue colour 
throu^out the medium. Gas production appears in varying degrees 
fsoax a slight splitthig atoi^ the wire track to diuuption xiS the me(hum. 
In me d i um II, fermentation of suenMe or salidn or both chttiges the 
w^iiim frcun liji^t blue to yellow and accQm]»nyii^ gas produetton 
causes bii^Uxi to form. Non-modte organisms gnm only along 
efinMulatiim, whneas motSe spedes diow either a diffuse even 
^pread^ from dtn inoculum dr more rarely localised ou^ptowffh<wblch 



LECITHINASE TESTS 

are fail-shaped or occasbnally nodular. H*S psoductieh'isiuses 

b^dsening of the lead acetate p^or and the fonnatirm of indole pves « 
red colour in the yeltew test paper. 


Tests for Lecitliitiase 

Certain bacteria produce enzymes (lecifhinases or pho^phc^HUMis) 
that split lipoprotein complexes in human serum and hen e^-yolk and 
produce opalesrance or turbidity when grown in media ccmiuning 
these substrates. When the reaction is produced with e|g-yolk it is 
sometimes referred to as the lecithovitellin reaction. 

Tube Test 

Medium . — Mix equal parts of a digest broth and sterile human serum 
(from clotted blood). Egg-yolk suspension, 10 per cent, v/v in physio- 
logical saline, w recommended in place of the seimm. A sterile ^g-yolk 
broth is obtainable commercially (Oxoid, Southwark Bridge Road, 
London, S.E.l). 

Method . — ^Aliquots of the substrate medium are dispensed asieptically 
in sterile cotton-wool stoppered tubes. One tube is inoculated with a 
drop of fluid culture or a colony picked from a plate culture. One tube 
is left uninoculated as a ne^tive control. A positive control may 
inoculated with a known lecithinase-producing organism, and a furthor 
control may include the test organism and antitoxin to the spedfic 
lecithinase, e.g. Cl. toelchii alpha antitoxin if Cl. welchH is the test 
organism (p. 313). Note that in some cases the enzyme is dependent 
upon divalent cations and may be inhibited by sequestering agents or 
buffers containing calcium-binding salts. 

The tubes are incubated under conditions suitable for growth of the 
species involved and examined for turbidity daily up to five days. A 
positive reaction usually develops within 24-48 hr. and is indicated 
the development of pronounced turbidity with a yellowish curd bn the 
surface of the culture substrate mixture, &e effect being absent fam the 
negative control and antitoxin tube. A modification of this method 
be used for testing culture filtrates or centrifuged supemates for te^- 
thinase activity using an incubation time of 1 hr. These tests are 
more easily read after storage overnight at 4° C. when sufficient timo has 
elapsed for the curd to rise to the siuface of the mixture in a poiritiyetei^ 

PuteTbst ; ' 

Medam . — ^Egg-yolk agar is prepared by sqimting hstt 
frmn die Whites as^tically and mixii^ the yolks with an equal vnlume ci 
sterile physiological saline. The mixture is then added, in the propwrioh 
of 5-10 per cent. (v/v), to sterile mcfiten digest a|^ base $5" CL.ail4 
plates are poured immediately afto: mixing. (A sterile ooncentmted 
osg-ytdk emulsion may be obtained firom die Oxoid ffivnum bf.OMi 
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ilfelAoJ.-<-^l^tluna8e*f)roduci^ cdonies grown on diis niedium are 
aurrcmnded by wide zones of opalescence vmidi are readily apparmt 
through being mudb m(»e opaque than the only sU^tly t^aque egg-yott: 
agar (see also p. 757 and p. 313 for combined media and tedmique of 
antitoxin neutralisation). It should be noted that lipolytic organisms 
also produce opalescence in some lecithin-containing media, including 
(^-yolk (Willis, 1960). The opalescence is weaker than that due to 
kdthinase and the zones of opalescence are smaller, beii^ more or less 
confined to the medium under the coloiiies. 


Tests for Lipase 
Culture on Tributyrin Agar 


Medium 

Peptone .... 

Yeast extract 

Tributyrin (glycerol tributyrate) 

Agar 

Water .... 


3g. 

10 g. 

20 g. 

10(W ml 


The medium is prepared so that the tributyrin forms a stable 
onulsion in the nutrient agar and the pH is adjusted ito 7*5. For 
exacting organisms the medium may be enriched by addition of 5 per 
cent, of Fildes’ extract of red cells before plates are poured (Willis, 1960). 

Method . — Inoculate and incubate plates under appropriate condi- 
tions. Examine by transmitted light. Colonies of lipolytic organisms 
are surroimded by wide zones of clearing. The natural opacity of the 
medium is due to the presence of the micro-droplets of tributyrin and 
lipolytic organisms convert these into water-soluble butyric acid, so 
remo^dng the opacity. 


Cubure on Egg-yolk Agar 

MedSum . — ^Thu may be as described above under Tests for Lecithi- 
nase or it may be the medium enriched with Fildes* extract described by 
Willis (1960). It is poured in plates immediately after the e^-yo& Tm 
been added and mixed in. 

Method . — ^Inoculate and incubate under ^propriate conditions and 
examine by reflected light. Lipolysis is indicated by the formation of a 
thin , iridescent "pearly layer’* overlying the coloniqi and a "wafined” 
opalescence in the mecfium imderlying them (seen when the colonies 
are scmped ofi). 

Next flood the plate with a saturated aqueo^ sdhition of coppo^ 
Stand for 20 min., drain ofl the excess solution and dty the 
plate in tiie incubator for a short while. When tiie j^te is now 
eieaimned, the pearty layor and ^e opalesoeitee ih ^ medhlm ate both 
stidned bright gremish-bke, indicath^ that they ccmsist of fatty 
adds tiiat Itete beat liberated by hydrolysis of the fats in the e^tydk. 
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Test Hyaluronidase 

Hyaluronidase cataljrses the hydrolysis of hyaluronic adid; it atta<^ 
the intercellular cement substance in tissues and acts as a ‘“spreading 
factor”. Hyaluronidase activity in bacterial culture ffltnues can be 
demonstrated by a modification of the ACRA test (Bamet« 1948). A 
solution containing hyaluronic acid derived from ffjmovial fluid is mixed 
with Congo red. When a drop of this mixture falls into atid alcohol it 
produces a chacracteristic appearance. Progressive reduction of the 
amount of hyaluronic acid in the mixture, dther by prior dilution or by 
enzymatic activity, leads to progressive changes in the pattern produced 
when a drop falls into acid alcohol. For an account of the proc^ure and 
details of factors influencing the test, the paper by Oakley and Warrack 
(1951) should be consulted. 


Testa for Deoxyribonuclease 

The enzyme deoxyribonuclease attacks DNA present in the nuclei of 
leucocytes and influences their subsequent affinity for Romanowsky 
stains such as Jenner’s. The enzyme also digests DNA present in 
tissues, e.g. horse spleen, and reduces the viscosity of solutions of semi- 
purified DNA extract. The nucleic acid is precipitated by alcohol as a 
fibrous mass before but not after enzymatic decomposition. There are 
three tests for deoxyribonuclease activity and they are based on the above 
observations. 

Slide Test (Warrack, Bidwell & Oakley, 1951) 

Substrate . — ^Rabbits are bled into 1*6 per cent, sodium oxalate, tiie 
leucocytes concentrated by centrifugation and resuspended in oxabted 
rabbit plasma, and trial fiihns made. The concentration of leucocytes is 
adjusted to give 15-20 per in. objective field. Films are made in a 
standard manner on slides 7-5 x 1'2 cm., dried in the air and fixed in 
methanol. ' > 

Test.— The deoxyribonuclease activity of a culture filtiate is demon- 
strated as follows ; A numbered slide bearing a fix^ film is gently placed 
in each of a series of 4 ml. volume doubUng dilutions m the (wtum 
filtrate so that half of each film is submerged. After incubation in tibia 
position at 37* C. for 18 hr., along with appropriate contrrf testa, tlMt 
sHdcs are removed, rinsed with distilled water and stained with Jmmer’a 
stain. Each film is then examined microscopically, using the oil* 
inunersion objective, and the half of each slide that was not imme taed 
acts as a contrifl for the number of intact leucocytes per firid and fiOT the 
effickacy of staining. .... .... 

K the concentration of deoayribonucleaae ts high, no staJund hwco* 
cjTtes may be aeen in the treated ffim. The first stape of actioft'ilwdtmt 
tkm in nuclear staining of lynmhocytes, pix^^ressii^ to peodttWioh of 
uitttained (“ghost”) , midci wM are sharply dobaraiM 
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surrounding faintly stained cytoplasm. Polymorphs are noct affected 
and finally eosinophils are attacked. 

OinER Tests foe DEOXYRisomjcxBASE.— A medication of the 
ACRA test of Biurnet (1948) devised by Oaklqr and Warrack (1951), and 
the alcohol precipitation test (McCarty, 1949), may also be used to assess 
deoxyribonuclease activity. 


Testa for Direct Bacterial Haemai^lutmiii 

Adhesiveness for animal cells is commonly indicated by a tendency of 
certain bacteria to adhere to and bind together red blopd cells and thus 
cause “direct bacterial haemagglutinadon”. The bacterial haemagglu- 
dnin may be a fixed part of the bacterial surface (see^nmnae, p. 24) and 
this type of haemagglutinin is accordingly described as “non-diffiisible”. 
A few bacterial species produce a soluble or “diffusible haemagglutinin” 
which diffuses into the surrounding medium and, though reacting with 
red cells, caimot bind the bacteria to these or to other substrates. 

Tile Test for Fimbrial Haemagglutinin. — Red cells separated 
from fresh dtrated guinea-pig blood are washed twice in physiological 
saline and made up to a 3 per cent, (v/v) suspension in fresh saline. A 
nutrient broth culture of the test organism is centrifuged to deposit the 
bacilli. After removal of the culture supernatant, the baicillary deposit 
is resuspended in the small amount of fluid remaining. A drop of the 
dense bacillary deposit is mixed with an equal drop of the red cell 
suspension in a depression on a white tile at 3-5° C., and the tile is then 
rocked gently for 5 min. while it is warming to room temperature. In 
the case of most fimbriate organisms tests made at room temperature 
(15-20° C.) without chilling the tile are entirely satisfactory. A few 
organisms, however, give haemagglutination at 3-5° C. but not at higher 
temperatures. 

The haemagglutination produced by fimbriate organisms is seen 
with the naked eye and usually develops as a coarse clumping withm 
a few seconds. Weakly active cultures produce a fine granularity 
within 2-3 min. Very poorly haemagglutinating cultures may show 
positive reactions only if mixing is continued for up to 30 min. 

hA&iUm ofFitninal HaemagghHnation xoith Mamose . — ^The incor- 
poration of a small drop of a 2 per cent solution of D-mannose in the 
haonagglutination mixture (finid mannose concentration 0*5 per cent.) 
specifically inhibits fiimbrial haemagglutination (see Duguid & Gillies, 
1957). 

Tube Test for SoluElb Haemagglutinin. — ^To doubling dilutions 
of the tetft culmre supnnatant in ph5r8iological saline (0*5 ml. volume), 
0*5 mL aliquots of a 1 per cent, (v/v) red cell suspension in sdUne are 
adikd. The tubes are shaken and auowed to stand at room temperature 
for 1-2 hr. The red ixlis settie into a characteristic pattern at the foot of 
each l%foe and this is cmveniattiy viewed in a mirror. In tibe aihsmce of 
faaeniiiighitiain, die' red cdk form a dense tentnil button. In the 
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presence of soluble kemagglutinm, the red cells fall in a rcdculum and 
this covers the base of the tube. The patterns are very similar to dioM 
descrU}ed by Salk (1944) for myxovirus haemagglutination. 
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CHAPTER 50 


PHYSICAL AND CHEMICAL METHODS: I 

pH BUFFERS, OXIDAHON-BEDUCIION 
POTENTIALS, STANDARD SCHAmON^ 

THE PREPARATION OF GLASSWARE 

pH IN MICROBIOLOGY | 

Mioroorganisms, in common with other living orgipisms, are very 
susc^tible to changes in the' acidity or alkalinity of nhe surrounding 
medium. This is true with r^;ard to both growth and survival. Whilst 
many bacteria show vigorous growth within a fairly wide range of 
acidity or alkalinity, there are others that require dhfc “reaction” of 
the medium to be adjusted within narrow limits before multiplication 
takes place. Moreover, all microorganisms have a particular “reaction” 
at which growth is optimal. In order, therefore, to secure the best 
growth, particularly of highly parasitic oi^nisms, it is necessary that 
&e adjustment of the “reaction” should be made as accurately as 
possible. For this purpose, it is necessary to become fsimiliar with the 
factors determining this “reaction”, with the mode of its expression 
and with the methods used for its estimation. 

Die Meaning the Scale 

Pure water is very slightly dissociated into an equal number of 
hydrogen ions and hydroxyl ions. 

H,0?^H++0H-. 

According to the law of mass action, the following formula will hold 
at equilibrium (the square brackets refer to the molar concentrations); 



But the amount of water ionised jnll be extrerndy small, so that the 
concentration of unionised water, [HtO], is virtually constant. Thwe- 
fore, at equilibrium, the product ooncoitration of hydrogen ions 
and hydroxyl ions will be a constant, which is tpmed the km product 
dP water Kw, i.e. 

[OH-). 

From conductivity measuranaits, it has been fcmiid diat die toU' 
centoatitHi of hydn^im unis and hydnntyl hms in pure water at 22 C. 
is gram ions per litre. TherdFore jK«at 22® C. will bc l*0xl(r 
At a given temperature and in dilute aqueous scdutioitt, the product oj 
the molar concentradtuis hydrogen itms and Itydroaiyt kMui vnU 
always be the same, tio matter what <aher siduUmcet arepreteat^ 
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what happens whem an acid is added to water* The acid 
will dissociate, libera^g hydrogen ions, the amount of wMdi depend 
on the amount of aiad added and on the d^^ree of dissociation of the 
acid. A strong acid will be largely dissociated in dilute solutions while 
a weak acid will be largely undissociated, e,g. 

HC1^H++C1- 

CH8C00H^H++ CH,COO-. 

As a result of the liberation of hydrogen ions caused by dissociation 
of Ae ^d, the number of hydroxyl ions must be decreased in order to 
ma i n ta in the ion product of water at a constant value. Similarly, when 
an a lkali is dissolved in water, it also undergoes dissociation and ionisa- 
tion with the liberation of hydroxyl ions, the amount of these being 
proportional to the amount of alkali and its degree of ionisation, e.g. 

NaOH^Na++OH- 

NH 40 H^NH 4 ++ 0 H-. 

As a result of the liberation of hydroxyl ions, there must be a corres- 
ponding decrease in the number of hy^ogen ions to keep the iomc 
product of water constant. It will be seen, tiietefore, that in spite of 
Ae fact that a solution may be alkaline, its reaction can still be esprened 
in terms of the hydrogen ions present, the stronger the alkali the smaller 
the concentration of hydrogen ions. A solution is neutral if [H+] *■ 10~’, 
a solution is acid if [H'*'] is greater than and is aJkoMne if (H'*') is 
less than Since [H'*'] can be measured with considerable accuracy, 
it is convenient to express acidity and alkalinity in terms of For 
reasons of practical convenience, [H*^] is usually expressed as a loga- 
rithmic or pH scale. 

The pH value of a liquid is defined as the logarithm of the reciprocal 
of the hydrogen-ion concentration, i.e 

pH-logpL. 

For neutral water, pH^log 

Two points should be borne in mind about the pH scale. 

(1) Smoe it is a hgarWumc scale, a change in one unit pH is 
equivalent to a tenfold dkai^ in hydrcgm-ion concenttatkai* that k a 
tenfold (hange in acidity; thus a l^uid of pH 5 is ten tunes note add 
than erne at pH fi, while a liquid m pH 9 is ten fines more idludiQo 
than one of pH 8. 

(2) l^bace it is a rec^neal scale, the lower the pH^ the gnatmr will 
he the additjr. A dH vahn of lew than 7 ind&aitn an 

wd greater than 7 indtcatea an aB m l in e aolufion. 


1 J^r||0^inS{M^|M)pdn«i»FK'^^ 
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B4PORTANCE OF pH MEASUREMENTS IN 
MICROBIOLOGT 

Microorganisms are sensitive in var 3 ring degrees to the pH of the 
nctemal environment. Although this is important for survival, it is 
even more important for growth, where there is an optimum, a maximum 
and a minimum pH. Media should be adjusted as far as possible to the 
pH optimal for die growth of the organism concerned. Most patho> 
genic bacteria have a fairly restricted pH range andigrow bert around 
pH 7*5, that is, at a slightly alkaline reaction. This ^y be a reflection 
of the fact that the pH of mammalian blood and tissijps is of this order. 
For example, the pneumococcus has an optimum pH of 7*8, and a 
growth range between pH 7*3-8*3. On the other hand, commensal and 
saprophytic bacteria have a wider pH growth range. \ Escherichia coU 
Im an optimum pH of 6*5, and a growth range between pH 4*4-7*8. 
Yeasts and fimgi generally have an acid optimum and may grow at a 
pH of 2*0 or even lower. Not only should growth media be adjusted 
to the optimum pH, but all suspending fluids should be at a reaction 
giving ^e largest survival time (usually of the same order as the 
optimum pH). 


METHODS USED IN pH MEASUREMENT 

Two types of methods are generally employed for the measurement 
of pH in die laboratory. These depend either upon the use of pH 
indicator dyes or upon the use of electric pH meters. 


Methods depending upon the use ot pH indicator dyes 

Indicator dyes are substances that will change in colour with 
variations in the pH of the solution in which they are dissolved. For 
example, phenol sulphone-phthalein (phenol red) is yellow in acid 
solution and red in alkaline solution. If alkali be gradually added to 
an acid solution containing phenol red, the change in colour will 
commence at pH 6*8, the yellow^ecoming redder until the final red 
is reached at pH 8*4; thus the “range” of the indicator is pH 6*8-8*4. 
Vi^thin this range, phenol red will nave different colours for different 
pHs and this can be us^ to determine pH. The range of pheiml red 
is particulaiiy suitable for the adjustment of the pH of bacterial culture 
media. It must be en^hasised that outside the range at which the 
colour is changing, an indicator can show only whether tire solution is 
more add or more alkaline than the indicator rai^ For otample, 
phenol red is ydlow at all pHs below 6*8 and is red at all pHs above 8*4. 
However, other dyes have their own differoit ranges in which odwr 
iflufflge occurs, and there ts notf avafldffe a aetlea of indteatoia aduch 
sHid cover die range Bmn pH 4 to 11. i The fo^owh^ are exan^ples: 
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Indicator 


Thymol blue (add range) 
Broou^henol blue . 
Bromocresol green . 
Methyl red 
LiUnus . 

Bromocresol purple . 
Bromothymol blue . 
Neutral red 
Phenol red 
Cresol red 


Thymol blue (alkaline range) 
Phenolphtfaalein 
Thymolphthalein 
B.D.H. “Universal” 


Range of pH Cohar chaise 

1- 2-2‘8 red to ydlow. 

2- 8-4*6 yellow to violet. 

3'6-5'2 yellow to blue. 

4'4-b-2 red to yellow 
4*S-8'3 red to blitt. 

5*2-6-8 yellow to violet. 

6‘0-7‘6 yellow to blue. 

6’8-8‘0 red to yellow. 

6-8-8‘4 yellow to purple-pink, 

7*2-8’8 yellow to violet-red. 

8*0-9’6 yellow to blue. 

8-3-10‘0 colourless to red. 
9'3-10‘5 colourless to blue. 

3 'O-l 1 -0 red — orange — ^yellow 
—green— blue — 
reddish violet. 


The simplest method of determining the pH of a solution is to use 
commercially available pH indicator papers. These papers are im- 
pregMted with an indicator that gives a change of colour over a 
specific or general range of pH. The paper can simply be dipped in 
the solution to be tested or, alternatively, a drop of the solution can be 
withdrawn by a wire loop or Pasteur pipette and placed on the paper. 
The resulting colour is compared with the chart supplied with the 
papers. One example of a good wide-range indicator is the “Universal 
Indicator” contained in test-papers supplied by Messrs. Jolmson & 
Sons, Hendon, London, N.W.4. It must be emphasised, however, 
that these test-papers will only give, at the best, an approximate idea 
of the pH and die results should always be checked by a more accurate 
method. 


The Comparator Method 

The most convincing instrummt of this type is the Lovibond 
Comparator (obtainable from British Drug Houses, Ltd.). 

The comparator normally consists of a bakelite case with two hoka 
at the top for tubes of standard bore and of colourless glass. Tube A 
contains water if the imtreated “unknown” solution is oolourlesa, biA 
some (tf die untreated “unknown” if it is coloured. The hinged door 
of the case holds a rotatable didc containing a series of standard ccdoured 
glasses corresponding to various pH valuM and each glass can be 
brought in front tube A in turn and viewed through aperture iL 

It is possible to obtain disks for various in(ficator8 and the s^ror 
priate one can be inserted in the comparator. A solution of the indicator 
is added to tube B, vdiich contains the unknown soludon, and the 
disk is rotated until a matdi is obtained. The pH is then in the 
apertuie at the b^m of the apparadis. If the “unknown” is in 
nuddle of the range d die indicator selected, it is possible to obt^ A 
value accurate to widiin ^1-0*2 pH units. 
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Adjustment of pH of Nutrient Media 

One of the commonest uses for a comparator in a bacteriological 
laboratory is in the adjustment of the pH of standard culture media. 
As an fflcample, the adjustment of nutrient broth to pH 7*5 using phenol 
red will be considered. For this purpose, the following are required in 
addition to the Lovibond comparator with a phenol red disk. 

(1) A solution of phenol red, 0*01 per cent.,^ in distilled water. 

(2) 0*05 N NaOH made up as follows: 

500ml.’0*l JVNaOH 

91 ml. 0*01 per cent, phenol red 

distilled water to 1 litre. 

The indicator is incorporated into the standard dkali solution, so that 
when the medium is titrated, the actual concentration of the dye always 
remains constant. 

(3) A burette, preferably a microburette, measurmg to 0*01 ml. 

To tube A is added 5 ml. nutrient broth and to tube B 5 ml. nutrient 

bro& + 0*5 ml. of 0*01 per cent, phenol red solution. The 0*05 JVNaOH 
solution is run into tube B until the tint produced is midway between 
the standard glasses of pH 7*4 and 7*6. The average of the two readings 
is takm and this gives the amount of 0*05 N NaOH required to bring 
5 ml. ci broth to the correct pH. From this, one can odculate the 
asimunt of 1 N NaOH required to bring the to^ amount of broth to 
tte ctnrect pH. 

"Wbien media adjusted in this way by the addition of alktdi are Steril- 
ised, it is conunon to obtain a precipitate .of ph<»phates so ihst the 

* First pmwie a stodc 0*2 ptt cent, scdutioa at flidlows. Wdlgh out 0*1 Jg. 
red, add to'd^ 10 od. (sccut^lv) of 0*1 N NaOSi and lu. of dittoed v^«* 
Oiaaoliw by 80 ^ boat. TiaaafwdiaooateowtoaSOOinl. 
oitt an tfia indieater into dwfladu Now add accurately 10 ml. 0*1 
sodiatnaA. 0*01 ner e^nt. aolurion of phenol red it made by anatwa iho 
aohttioo an o^oal part of dhtined water: 


ADJUSTMENT OF pH OF MEDIA ®I7 

medhuD has to be filtered again belore use. It 'may 

tben^ore, ^vfaen inakii^ metUa in bulk to have the 

alk al in e and to adjust it for use by the additimt < 3 $ acid. Ilie mediuin 

is first adjusted to a pH of about 8*0 with NaOH and stewthed for tldrty 

minutesi The precipitated phosphates are filtered The 

is then adjusted back to pH 7*5, using add. Hie dHation » outied 

out in exactly the same way as described previously tsBoeipt that, 

of NaOH solutum, 0*05 N HCl containing phmol red b employed, and 

the calculated amount of normal hydrochloric add b added per Utre 

to obtain the desired reaction. 

The standardisation of a solid medium such as nutrient agar presents 
^eater difficulty ffian in the case of fluid medb. The medium mty lb 
titrated when liquid, but the exact determination b not easy to obtain 
with any degree of accuracy. It has been found that agar of good quality 
has very little effect on the reaction of the broth to which it b added, 
but the reaction of the finbhed agar should be controlled by titrating 
the melted medium and then comparing the colour toheit cold. We 
have foimd tiie following method satisfactory. Mix togeffier 0*5 iffi, 
of the melted agar, 4*5 ml. of hot (neutral) dbtilled water and 0*5 nd. 
of 0*01 per cent, phenol red solution; cool and compare with the 
standard tubes. Gebtin may conveniently be adjusted if the medium b 
liquefied and kept at about 37° C. 

The Ci^illator Method 

A knowle(^e of the pH of bacterial cultures and of the pH rhangfui 
which they undergo b often of importance and is sometimes of ptactiod 
value {e.g. in the differentiation of Streptococcus agalactiae from 
Streptococcus pyogenes). When only small quantities of culture ure 
avaibble, one of the best methods of pH determination b the use (ff 
the capilbtor. The “B.D.H. Capillator Outfit”^ b avaibble with 
indicators and cards to cover the range from pH 1*2-11*0. Alternat- 
ively s^arate sets can be obtained for each indicator. 

Ihe technique b as follows. The pH b first approximately defor- 
mined by the use of a universal indicator. Thb can be dcme 'ia, two 
ways. 

(1) A small quantity of the microbial culture b witiulrawn with k 
sterile Pasteur p4>ette and transferred to a white tile and an etEoai 
amount of indicator added. From the resulting colour of the mixture^ 
the iqnproximate pH can be obtained by comparison with the standard 
set of odours supplied with tiie indicator. The tUe b appreprbtd^ 
sterilised aftm- use with 3 per cent, v/v lysol solution. 

(2) A uitivmsal pH test-paper can be used (see previously). After 
use the test-paper b destroyed by bumii^ or b placed in dtnnfedaot 
solutitm. 

Tbe pH b then determined more accurately, t»bg a eapiUator utd 
choosihg an indicator tiiat acts over the desired nmge. capffidXHr 
consists of a series of standard-abed capffiny tubes filled with 

* For fuU detaib aec catatagee, Britiab Drug 
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solutions and indicator. These tubes show the colours corre^ondiag 
to different pH values over the vidude range of tiw indicator, and 
pH value corresponding to each colour is marked on the card. The 
capillator set is iKed as ftdlows. 

(a) A capill^ tube, identical m diameter with those in the capil- 
lator, is fitted with a rubber teat and is used for withdrawing a tube full 
of indicator (supplied with the capillator set and of double tiie con- 
centration occurring in the stand^d tubes). The indicator is then 
pipetted on to the small watch-glass provided. 

{b) After washing, the same “pipette” is used to withdraw an equal 
volume of the microbial culture or unknown solutiotji which is pipetted 
on to the same watch glass. If tiie culture is to re: i uncontaminated, 
a sterile capillator pipette must be used. 

(c) The two fiuids are mixed on the watch-glass y sucking in and 
out of the pipette, and finally the tube is filled with e mixture. 

(d) The prepared tube is compared in colour with the standards 

and the pH value thus obtained. \ 

Errors due to the colour of the culture or fluid itself can be corrected 
by using a compensation cell. Care should be taken when working with 
pathogenic cultures, and the used capillary tubes should be dropped 
into lysol solution. 

The pH Meter 

The methods described above, although simpld and requiring 
relatively cheap apparatus, are generally not accurate. They are also 
very laborious if large numbers of estimations have to be carried out. 
Further, they all assume that the colour of an indicator is influenced 
only by the pH of the solution. This is not always so, since the dissoci- 
ation of an indicator can be influenced by substances such as salts, 
ethanol and proteins in solution. These errors may be quite appreci- 
able, although in the choice of intficators listed previously those with 
large errors have been discarded. The only accurate method of meas- 
uring pH is by using a pH meter, and in laboratories where numerous 
routine determinations of pH are required, this apparatus is a necessary 
piece of laboratory equipment. It is easy and qui<^ to use although 
care must be taken in its maintenance. 

A pH meter consists of an electrode pair which is sensitive to 
hydrogen-ion concentration and ^ electrical circuit which measures 
the e.m.f. developed across the deictrode pair. Almost dl modem pH 
meten employ a glass electrode as it is easy to use and maintain, together 
with a calomel electrode as a standard. Only a brief descripticm of the 
instnitoent and basic directions for its use can be given here; More 
detailed descriptions of theory can be found in appropriate textbooks 
and instructions ate provided in the makers’ pampnkts. 

e.mX developed between the glass electrode and calomel 
dectebde will depend upon the ccmcentration of hydrogm tom sR**' 
hence, the pH. In order to meteure this e.ra.f., no current must flow 
in the dectrode pair or the tesaltant chemical reactions at Hie (dl 
boundaries will result m a “potoriadion” of the dectrodes so that the 
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observed e.m.f. will be due to a combination of phenomena. F<w this 
reason, a high impedance circuit is used to detect tihe p4»ential deve^ 
oped and a vacuum tube is used to drive the measuring meter. This 
meter can be a microammeter in a vacuum tube circuit as in most 
line-operated meters, or a null-type bridge circuit may be used as with 
battery-operated meters. 

The following precautions should be observed m the use and 
maintenance of a pH meter to avoid damaging the instrument and to 
get an accurate pH value. 

(1) Always exercise extreme care in handling the electrodes, par- 
ticularly the glass electrodes which usually have a very thin glass 
bulb. Do not allow this glass bulb to touch the beaker in which the 
measurements are takii^ place, or any other hard surface. 

(2) Before a series of pH measurements, ensure that the calomel 
electrode is filled with a solution of saturated KCl. 

(3) Make sure the instrument has been given sufficient time to 
warm up as specified by the manufacturers. 

(4) Make frequent standardisation of the meter against a standard 
buffer solution of known pH as near as possible to the pH to be 
measured. 

(5) Between measurements, wash the electrodes with a stream of 
distilled water using a wash bottle. 

(6) When a “drift” in the reading occurs, give the electrodes time 
to reach equilibrium. (Jently stirring the solution often hastens 
equilibrium. 

(7) Never remove the electrodes from the solution when the measur- 
ing circuit is closed. 

(8) When the instrument is not in use, keep the electrodes immersed 
in water. 

BUFFERS AND THEIR USES 

Not only is it important to have the sus^^nding fluids for micro- 
organisms within a certain pH range, it is also important to keep 
within the same range. Most microorganisms produce acids or alkalis 
as a result of their metabolic activities and these must be prevent^ 
from altering the pH of the environment too radically. For example, 
bacteria when grown on a medium containing a sugar generally produce 
acid intermediates or end-products {e.g. formic, acetic, propitm^ 
butyric, or lactic acids). This is partially true of fermentation un^ 
relatively anaerobic conditions. If these acidic products were allowrf 
to accumulate in an unbuffered medium, the oi^ganism would soon be 
killed by the low pH produced. . . . . « • 

It is, therefore, preferable and often essential to indude buffers in 
culture me^ and in suspendii^ fluids. These buffers ^d to 
changes in hydrogen-i(m oMicentration. They are usually ^ 

moing a weA acid with its salt, although a weak alkah and its a^ cm 

^laoteuscd. Buffering adicHihi due to the fact that a weak aad 18 iwy 

^^y Salt with an alkali metal is strongly (iia- 

3h 
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sociat^. Thus, whereas O-l N acetic add is ooly 1*35 per c«rt. 
dissociated, O'l N sodium acetate is 97 per cent, dissociated. If 
hydrogra ions ate added to sudh a buffer solution, th^ will react with 
the high concentration of salt anions to form unionised adds. 'Hub 
weak add, once formed, does not tend to ionise appreciably and, at the 
same time, its ionisation is opposed by the high concentration of anions 
preset. Therefore hydrogen ions have been added, but have been 
removed leaving the pH of the solution only slightly dtered. 

Generally speaking, the bufferix^ power of a mixture of a weak add 
and its salt is greatest when the two are present in equimolar propor- 
tions. From sudi mixtures, buffers can be prepared covering a range 
of about 1 pH unit on eac^ side of the pH given by an equivalent 
mixture (the pK of a buffer). . Outside this range, thobuffering capadty 
falls off very rapidly. Although the concentration of the buffer deter- 
mines its ability to resist changes in hydrt^en-ion concentration, 
the actual pH given by a certain mixture is only slightly affected by 
dilution. 

Buffers suitable for use with biological material should have a pK 
aroimd the optimal for this material and ideally they should also be 
non-toxic and non-physiological, i.e. not react with or affect the living 
oiganism or the component of foe living organism to be studied. In 
practice, however, most buffers with usdiil pKs around 7 are physio- 
logically active, and allowance must be made for this. • 

The following is a list of suitable buffer systems for use in micro- 
biology. It should also be noted that some components of foe complex 
organic growth media conunonly used in microbiology are also buffers. 
Tim is particularly true of amino acids and peptides which, as well as 
providing nutrirats, act as important buffers. 


PREPARATION OF BUFFERS 

(1) Citrate Buffer 

Stock Sobaions 

A: 0*1 Jlf solution of citric add (19*21 g. in 1000 ml.). 

B: 0*1 Af solution of sodium dtrate (29*41 g. C(H 50 fNa). 2 HtO 
in 1000 ml.). 

X ml. of A+y ml. of B, diluted to a total of 100 ml. 


X 

y 

pH 

46*5 

3*5 

3*0 

43*7 

6*3 

3*2 

40*0 

10*0 

34 

37*0 

13*0 

3*6 

35*0 

15*0 

3*8 

33*0 

17*0 

4*0 

31*5 

IB'5 

4*2 

28*0 

22*0 

44 

25*5 

24*5 

4*6 

23*0 

27*0 

4*8 
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20*5 

29*5 

5*0 

18*0 

32*0 

5*2 

16*0 

34*0 

5*4 

13*7 

36*3 

5*6 

11*8 

38*2 

5*8 

9*5 

40*5 

6*0 

7*2 

42*8 

6*2 


Acetate 

Buffer 


Stock Sohaiom 

A: 0 2 M solution of acetic acid (11*55 ml. in 1000 ml.). 

B: 0*2 M solution of sodium acetate (16*4 g. of C.H,O.Na or 
27*2 g. of CgHs02Na.3H20 in 1000 ml.). 

* ml. of A+y ml. of B, diluted to a total of 100 ml. 


X 

y 

pH 

46*3 

3*7 

3*6 

44*0 

6*0 

3*8 

41*0 

9*0 

4*0 

36*8 

13*2 

4*2 

30*5 

19*5 

4*4 

25*5 

24*5 

4*6 

20*0 

30*0 

4*8 

14*8 

35*2 

5*0 

10*5 

39*5 

5*2 

8*8 

41*2 

5*4 

4*8 

45*2 

5*6 


( 3 ) Citrate-Phosphate Buffer 

Stock Solutions 

A: 0*1 M solution of dtric acid (19*21 g. in 1000 ml.). 

Bi 0*2 M solution of dibasic sodium phosphate (28*39 g. of 
NajHPO* or 71*7 g. of Na,HP04.12H,0 in 1000 mL). . 

X ml. of A +y ml. of B, diluted to a total of 100 mL 


X 

y 

pH 

44*6 

54 

2*6 

42*2 

7*8 

2*8 

39*8 

10*2 

3*0 

37*7 

12*3 

3*2 

35*9 

14*1 

34 

33*9 

16*1 

3*6 

32*3 

17*7 

3*8 

30*7 

19*3 

4*0 

29*4 

204 

4*2 

27*8 

22^2 

44 

26*7 

23*3 

4*6 

252 

24*8 

44 
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X 

y 

pH 


24-3 

25*7 

5*0 


23-3 

26'7 

5*2 


22-2 

27*8 

5*4 


210 

29*0 

5*6 


19*7 

30*3 

5*8 


17*9 

32*1 

6*0 


16-9 

33*1 

6*2 


15-4 

34*6 

6*4 


13-6 

36*4 

6*6 


91 

40*9 

6*8 


6*5 

43*6 

7*0 

( 4 ) 

Phosphate Buffer 

Stock Sohaiom 



A: 

0'2 M solution of 

monobasic sodium phosphate (31*2 g. 


NaHJO^ 2 H«0 in 1000 ml.). 

B: 

0*2 M solution of 

dibasic 

sodium phosphate (28*39 g. oi 


Na-HPO. or 71*7 

g. of Na.HP 04 . 12 H .0 in 1000 ml.). 


X ml. of A +y ml. of JB, diluted to a total of 200 ml. 


X 

y 

pH 


92*0 

8*0 

5*8 


87*7 

12*3 

6*0 


81*5 

18*5 

6*2 


73*5 

26*5 

6*4 


62*5 

37*5 

6*6 


51*0 

49*0 

6*8 


39*0 

61*0 

7*0 


28*0 

72*0 

7*2 


19*0 

81*0 

7*4 


13*0 

87*0 

7*6 


8*5 

91*5 

7*8 


5*3 

94*7 

8*0 

(5) - 

Baihitone (Veronal) Buffer 

Stock Solutions 



A: 

0*2 M solution of sodium barbitone (sodium diethyl barbi- 


tutate). 



B: 

0*2 M Ha 




50 ml of ml. of B, diluted to a total of 200 ml. 



X 

pH 



1-5 

9*2 



2-5 

9*0 



4*0 

8*8 



6*0 

8*6 



9-0 

84 
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12*7 

8*2 

17*5 

8*0 

22*5 

7*8 

27*5 

7*6 

32*5 

7*4 

39*0 

7*2 

43*0 

7*0 

45*0 

6*8 


Solution® more concentrated than 0-05 M may crystallise on 
especially in the cold. 


standing, 


(6) Tris (hydn qrmethyl) aminomethane (Tria) Buffer 

Stock Solutions 

A: 0-2 Af solution of tris (hydroxymethyl) aminnmi»^hani» (24*2 e. 

in 1000 ml.). ^ * 

B: 0-2MHC1. 

50 ml. of .4 + * ml. of B, diluted to a total of 200 ml. 


X 

pH 

5*0 

9*0 

8*1 

8*8 

12*2 

8*6 

16*5 

8*4 

21*9 

8*2 

26*8 

8*0 

32*5 

7*8 

38*4 

7*6 

41*4 

7*4 

44*2 

7*2 


(7) Boric Acid<Boraz Buffer 

Stock Sobaiotts 

A : 0*2 M solution of boric acid (12*4 g. in 1000 ml.). 

B : 0*05 M solution of borax (19*05 g. in 1000 ml. ; 0*2 M in terms 
of sodium borate). 

50 ml of A+x ml. of B, diluted to a total of 200 ml. 


X 

pH 

2*0 

7*6 

3*1 

7*8 

4*9 

8*0 

7*3 

8*2 

11*5 

8*4 

17*5 

8*6 

304) 

8*8 

59*0 

0*0 

llS-0 

9*2 
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(8) Bicaxlxmate— COi Buffer 

The pH of these buffers is markedly dependent on temperature. 
The following examples are for a temperature of 37° C. 

Concentration of CO| in gaseous phase 
5% 10% 20% 

Concentration /0*02 M . 7*4 7'1 6-8 

ofNaHCOj t0-05M 7-8 7-5 7-2 

(9) Carbonate-Bicarbmiate Buffer / 

Stock Solutions [ 

A: 0’2 M solution of anhydrous sodium carbonate (21*2 g. in 
1000 ml.). 

B: 0*2 M solution of sodium bicarbonate (16*8 W. in 1000 ml.). 

* ml. of A +y ml. of B, diluted to a total of 200 


X 

y 

pH 

4*0 

46*0 

9*2 

9*5 

40*5 

9*4 

16*0 

34*0 

9*6 

22*0 

28*0 

9*8 

27*5 

22*5 

10*0 

33*0 

17*0 

10*2 

38*5 

11*5 

10*4 

42*5 

7*5 

10*6 


Note , — These buffers are all made up to a final concentration of 
0*1 M (with the excq)tion of the bicarbonate-CO* buffers). The pH 
will not fiViang e appreciably on dilution. It should be noted, however, 
that there will be variation in the ionic strengths of the different buffers 
and of the same buffer at different pHs. If isotonic solutions are 
required, the concentration should be adjusted accordingly- All ihe 
buffers are given as a mixture of the sodium salts with the add. 
Potassium salts may also be used. 

OXlDATION<REDUCnON (BEDOX) POIBNTIALS 

It has been stated previous^ lhat the oxidation-reduction conditions 
in a rxu'd"™ are very inqwrtant in the growth of certain bacteria. 
Strict aerobes are able to grow only in presence of dissolved oxygen 
while strict anaerobes requires reducing conditions and hence absenw 
of dissolved oxygen. Hus may be rdated to the metabolfc char^ 
of the organism, a strict aerobe obtaining its Clergy and intermediates 
only through oxidation invdving oxygen as the ultimate hydr^ 
acceptor, a strict anaerobe utilidng hydrc^en accqitors other uw® 
OOTgen while a facultative anaerobe can act in both ways. Hbwever, 
strict anaerobes may be actually poisoned by the presence of oJqrg®’j 
poasibly due to tl^ productum of toxic hydrogen penmde whhh cannot 
he rinnoved 1^ catahue, or possibly Aae to the oxidation d certa® 
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esseatial groupings in iiie oiganism, e.g, the sulphydzyl ^ 

proteins. 

We may consider oxidising agents as substances capable of Udmig op 
electrons and redut^ agents as substances able to part wi^ de^rons. 
It is therefore possible to determine the uitoisity level of oxidising or 
reducu^ conditions in a system by the net readbess of aB the com* 
pommts in that system to take up, or part with, This abih^ 

is usually expressed as the oxidation-reduction (ledm:) potoitial of 
the system. 

Redox potentials can be best measured by virtue of the fact that when 
an “ui^ttackable” electrode is immersed in a solution, an electrical 
potential difference is set up between the electrode and tiie solution, 
and the magnitude of this potential depends on the state of oiddation or 
reduction of the solution. This electrode potential (or, more shortfy Ek) 
can be measured in millivolts, and the more oxidised a ^ton, the 
higher (or more positive) is the potentid; in more reduced systnns the 
potential is lower (or more negative). By measuring the electrode 
potential it is possible to determine and follow the reducing conditions 
in cultures at different periods and to grade different ^tems in order 
according to their state of oxidation or reduction. This measurenuait 
can usually be carried out by coupling up a potentiometer with an 
electrode pair of platinum electrode (the “unattackable** dbctrode) 
and a standard calomel electrode. The redox potential can th«i be 
measured by the millivolt scale provided on most commercial pH 
meters. It should be borne in mind that the redox potential of a system 
indicates the oxidation-reduction intensily of the sjrstem itself, and not 
its capacity to oxidise or reduce some other component or sjrstem. 
Further, it must be emphasised that for a microorganism, not only is 
the redox potential of the system important, but the factors omtributing 
to tiiis redox potential may be equwy critical. Thus a substance cap- 
able of giving up or taking in electrons may not necessarily affect a 
microorganism unless it can spatially reach certain ess^tial conapon- 
ents of the c^. Further, a substance, like oxj^en, whidi can actijaUy 
be metabolised by the catalytic action of enzymes in the cdl, mi^ 
be important through this metabolism as wrell as through Its dmet 
contribution to ^e redox potmtial. 

Although tixe redox potential of a bacterial culture may be meaaumd 
accurately by diectrical methods, an approxiinate idm of the slate 
reduction may sometimes be obtained by adding various special 
(oxidation-reduction indicators) and observing by ^ o^ur ^ai^^ 
how much they are reduced. Such changes are in intenwty of wlmir, 
not changes from one colour to another, as is the case with the inttoat o rs 
used for the measurement of pH. It is found that the 'State <ff o x i da tion 
or reduction of any particular dye depends on the electrode potential, 
80 that at any given pH value, if vre know the electrode potenmd aS Ae 
solution, we calculate the degree of reduction of me dytt Con- 
versely, and tbjs is more important practically, if the percentage redoK- 
tion of tire <foe t»s observed colorim^caBy the corteqMmdmg 
electrode potential can be detenained. Different dyes are recced ww 
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different raises of potential; for instance, mediylene blue at pH 7 is 
95 per cent, in the oxidised condition at £*+50 mv., and 99 per cent 
reduced at £»— 50 mv., whilst neutral red is still 87 per cent, oxidised 
at —300 mv., and 87 per cent, reduced at —350 mv. Theoretically it 
^lould be possible by smtable choice of indicators to measure any 
range of £«, but in practice experimental difficulties arise due to 
poising (this corresponds to the buffering effect in pH estimation), 
catalytic effects and the toxicity of the dyes used towards bacteria, etc. 
Colorimetric Eh determinations do not reach the degree of accuracy and 
convenience attained in the case of pH indicators. 

A few examples will suffice to illustrate the resultslobtained when die 
electrode potential of growii^ bacterial cultures are measured. In a 
culture of C. diphiheriae the initial Eh of the medium\ about + 300 mv., 
falls gradually and reaches —200 mv. after some forty-eight hours’ 
incubation, and the potential remains at this low level for some con- 
siderable time. With haemolytic streptococci, on the other hand, the 
potential falls from + 300 mv. to - 150 mv. in twelve' hours, but then 
rises fairly rapidly, probably owing to the formation of hydrogen 
peroxide. In a dextrose broth culture of Esch. coH, in which gas 
formation occurred, the potential falls extremely rapidly, reaching 
— 370 mv. after about one hour’s incubation. The behaviour of 
staphylococci is roughly similar to that of C. diphtheriae, whilst pneumo- 
cocci behave similarly to haemolytic streptococci. Strict anaerobes 
are unable to proliferate in ordinary aerobic culture me^ unless the £« 
is lowered to some extent. This lowering of the Eh, or establishment 
of reducing conditions, may be effected in a variety of ways, sucli 
as removal of oxygen in an anaerobic jar or by means of a pyrogallol 
seal, or reduction may be effected by adding a reducing agent, e.g 
thioglycollate. 

Oiddation-reduction potentials and oxidation-reduction indicator! 
are employed in the testing of sewage and sewage effluents, in cheese- 
making, in the keeping qu^ties of beer, etc. The metabolic activitie: 
of bacteria and other cells and tissues and the functioning of enzyme: 
are followed by observing the reduction of methylene blue in Thunbeq 
tubes. A commonly used application of this technique is in die grading 
of milk and testing the hygienic quality of milk samples. The mill 
samples are incubated under standard conditions with methylene blue 
and die time of reduction is noted. Heavily contaminated milks shdv 
a rapid decolourisation, whilst with good quality milk there is a long 
period and reduction is slow {vide p. 979). 

For full details of this important subject consult Oxidation-Redu^ 
Poumiab in Baeteriohgy and Biochemistry, by L. F. Hewitt, 6th edition 
1950 (E. & S. Livingstone Ltd., Edinburgh). 


WATER 

Tap water contains many impurkies and is unsuitable for-dia pm 
paia^ df defined tiulture media, for chemical solutions and for man; 
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other uses in the laboratory. These impurities can be largely removed 
by distillation or demineralisation. 

Distilled Water 

Normally distilled water is prepared in a coxnmercial metal^lined 
still which will deliver it at the rate of J-50 gallons per hour^ depending 
on size. However, for some purposes this water is insufficiently pure, 
and it may be necessary to use an all*glass distillation apparatus which 
should be fitted with an efficient spray trap. It is often advisable to 
add a knife point of potassium perma ng anate an d a few peUets of 
sodium hydroxide to the tap water before commencing distillation in 
order to oxidise steam volatile organic compounds which might other* 
wise be carried over into the distillate. For some experimental methods 
such as tissue culture it may be necessary to repeat the HiotiHatinn in a 
glass still to give doubly glass distilled water. 

It is useful to check the purity of distilled water at times by simple 
conductivity testers. Satisfactory distilled water should have a con- 
ductivity no greater than that given by 1*5 p.p.m. of NaCl, and pre- 
ferably below 1-0 p.p.m. 

Demineralised Water 

Ion-exchange resins may be used to demineralise water. A simple 
apparatus consists of an anion and a cation exchanger in two columns of 
glass tubing about 2 m. tall and 3 cm. in diameter. A variety of resins 
are available for the purpose, e.g. Amberlite IR 120 (H) as ^e cation- 
exchange resin followed by Amberlite IRA 400 (OH) as the anion- 
exchange resin.^ Tap water or distilled water is passed over each of 
;the resins in turn. The columns must be periodically regenerated by 
I rinsing widi 10 per cent, aqueous HCl for the cation-exchanger and 
10 per cent, aqueous NaOH for the anion-exchanger. After regoaeta- 
tion, the columns are rinsed with distilled water until the final product 
has a neutral reaction. Commercial demineralisers are available,* whidt 
have the advantage of being transportable and of requirii^ no external 
source of heat or electrid^. Demineralised water should equivalent 
to double glass-distilled water and should have a very low conductivity. 
However, it may carry dissolved organic compoxmds derived frntn 
the resins. 


FIAUDS FOR CCTJ- SUSPENSION AND DlLUTRKSr 


A variety of fluids are used for die su^msion oS mhuncoganittas, 
>lood ce^ or t wm ie culture celte. These fluids should pn»a^ as 
ar as possible, the cells in their original condition. The 
>oints should Iw noted. 


‘ from Utag Houms, Ltd. . . .j ^ " 

' B.g. the ’'Portable Denunt^ts” prodwied by die Permutit Co. Ltd., Guanere- 
»»»y Avenue, London, W.4. 
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(1) lliiqr dunild have aa cwnotic preaauiTe neurly kotooic vdth the 
cell to be auspended. This is particularly true of mammalian cells 

red blood corpuscles) where lysis readily occurs in non*isotonic 
media. Microorgsmisms are generally more resistant to changes in 
the external osmotic pressure, but suspension in water or very lUute 
salt 8oluti<HiL8 may cause loss of viid>ili^. 

(2) Suspension fluids should prefer^ly contain a buffer to keep the 
cells at their optimum pH. 

(3) Certain ions may be necessary for the optimal maintenance of 

celb, particularly with mammalian cells. Moreover, they may be 
requir^ for certain in-vitro reactions, e.g. agglutinAtion, complement 
fixation, etc. In some cases a source of energy such as glucose may 
be required. ) 

(4) Other additions may be made for specific purposes. 

The following suspension and diluent fluids are commonly used. In 
all cases analytical grade res^ents (when available) should be made up 
in distilled or demineralised water. ' 

Hiysiological Saline 

A solution of 0*85 per cent. NaCl in water. This solution is some- 
times called normal ssdine, a term which should be discarded because 
of its chemical coimotation. It is also often referred to as “saline”. 
The solution has an osmotic pressure roughly equivalent to that of 
mammalian blood serum and can therefore be used for the suspension 
of blood cells as well as most microorganisms. However, the solution 
has no buffer present and it is recommended that phosphate-buffered 
saline be used as a general suspension fluid in the laboratory. 

Buffawd Salines 

As stated previously, it is preferable to have a buffer present in i 
suspending fluid or diluent and variety of solutions containing basically 
NaCl but with a buffer added have been proposed. They should al 
have a final osnootic pressure roughly equivalent to that of physiologica 
saline. A series of solutions can be prq>ared by diluting standarc 
buffer solutions of the required pH (see pp. 850-854) with phynofo^ca 
saline to a strength of O'Ol M. If a g^ter buffering power is required 
the concentration of buffer musttte increased and m saline decreased 

The following types of buffered saline are recommmided for varioui 
purposes: 

(a) hfffered saUne: 

NaQ 8*00 g./l. 

K,HPO* 1*21 g./l. 

KH^PO* 034g./l. 

This solution gives a pH of about 7*3 and also provides pmaisi^ 
and phoqthate ioRB. Ittsaveryustffolgeneialdil^tat^aaiiMndin 
fluid. ' . , ■ ' . 
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(b) Axdt soMm , — Sodium azide at a oonceutration of 0*08 msroei^ 
is added to physiological saUne or buffered saline. The ttide acts m a 
presem^ preventing microbial decomposition md is often used for 
the dilutum of serum, etc. 

(c) Borate-ealmm saVm: 

NaCl 8-0 g./l, 

CaClj 1*0 g./l, 

H,BO, 1-2 I'll. 

Na,B4O,.10H*O 0-052 g./l. 

This solution gives a pH of about 7-3 and is used for haema^^utina* 
tion e3q>eriments where calcium is required and phosphate be 
absent 

(d) Veronal-NaCl diluent: 

NaCl 8-S g./l. 

Barbitone 0-575 g./l. 

(diethyl-barbituric add) 

So^um barbitone 0-20 g./l. 

MgCl,.6H,0 0-168 g./l. 

CaCl* 0-028 g./l. 

A sto^ solution concoitrated x5 is made up by dissolving 5-75 g. 
barbitone in 500 ml. hot distilled water. Add 85 g. NaCl and make up 
to volume to about 1400 ml. Dissolve 2-0 g. sodium barbitone in 500 ml. 
distilled water and add it to the NaCl-barbitone solution, hbke up to 
2000 ml. Add 1-68 g. MgCl,.6H,0 and 0-28 g. CaCl^ For use 
dilute 1 in 5 with distilled water. 

This saline may be used for complement-fixation tests and gives 
more rqirodudble results than physiological saline. If glass tubes are 
used to contain the reaction mixtures, there may be some absorption of 
complement on to the glass surfaces. To reduce this absorption, add 
0-1 ^r cent inactivated rabbit serum, 0-1 per cent gelatin or 0-1 per 
cent, bovine serum albumin. 

Complex Suspending Media 

More complex media are required for the suspension and dilution 
of microorganisms and otiier c^ where qstimum viability must be 
maintained For example, m viable counts of many bact^ physio- 
logical saline may ^ to some extent bactericidal and must be re{daced 
by sohitkms contsioing Other ions as well as a buffitar. For these fful^ 
prqiare t^ following solutions which are all isotonic mth nanunafom 
serum aiui can be mixed in any proportions. The mixtures, altiiou|^ 
of difiermt compo^tion, will rmnain isotonic. ‘ 

To absqilify preparation and handling, the first five acditiom can be 
^nade up in ooncentrattons five times those listed. Tbsf ate Stable for 
m onths when stored in the ccdd. 

The Krdbo-Binger sohitioas seem to be tiie most mmai&y mM 
^or the suspension of cdb and are also timuilde Iw nwdy 



860 MBOICAL MICROBtOLOGT 

bacteria. It is also possible to use Davis’s minimal medium for bacterial 
su^ension (see p. 739). If growdi is to be avoided, leave out the 
nitn^[en source (ammonium sulphate) or the carbon and energy sources 
(glucose and citric acid). 

Suspending media for tissue culture work are described on p. 1027. 






Krebs-Ringer 


g./i. 


Locke 

Plain 

i 

mm 

Phos- 

phate 

NaCl 

9*0 

too 

100 

■1 

100 


KCl 

11-5 

4 

4 

HI 

4 


CaCl, .... 

12-2 

3 

3 


3 


KHgPOg .... 
MgS04.7H,0 . 

NaHCOa .... 

2M 

— 

— 

HI 

1 


38*2 

13-0 

— 

3 

Bn 

1 

21 

1 

0*1 M phosphate buffer' pH 7*4 1 



— 

“““ \ 


20 


> 17-8 g. Na,HPO«.2H,O+20 ml. 1 N HCl diluted to 1 1. 

' The solution should be gassed with 5 per cent. v/v. CO| in 0|, air or Nt. 


PREPARATION AND CLEANSING OF GLASSWARE 
New Glassware ' 

New glassware requires special attention because of the resistant 
spores wUch may be present in the straw and other packing material 
and also because it tends to give off free alkali which may be sufficient 
to interfere with the grov^th of certain organisms. Consequently it 
should be placed in 1 per cent. HCl overnight, washed in tap water and 
distilled water and autoclaved. 

Screw-capped bottles (described later) are subjected to a special 
cleansing process by the makers whereby surface alkali is removed, 
and rite above treatment is unnecessary. The bottles may be used 
without further treatment, as received from the manufacturers. 

CSeanstiig of Glassware for General Laboratory Use 

Glass containers vrith discarded: cultures can be placed in 3 per cait> 
1;^1 use or transferred directly to boilii^ soap sdutions. Con- 
tainers with tubercle bacilli or spore-bearing organisms such as B. 
(uakrods, B. subUUs or Cl. tekcm mutf be autocdaved. The discarded 
cultures aiul their containera are riten boikd for one hour in a 5 per cent 
sohirion of a good quality sifft Map in either tap water (if it is siu^iently 
soft) or distilled or demineralised water (if the tap water is hard). The 
glassware is cleansed with a test-tube orurii (or oriier suitable brush) 
and well rinsed in hot and odd water. A^aiii, if the ^ wt^ is ham 
and contains a considerable amount of catoum salts, rinsing in dSstilled 
wr danmerdised water is necessary* The glsMwaie is tluM ifitrited to 
(faain jmd is dihd In a hot-air ovm (»r cabind. 









CLEANING OF GLASSWARE 


Washing of Tissue Culture Tidm 

Since tissue cells are particularly sensitive to minute traces of toxic 
substances, meticulous care is essential in cle aning glassware for tissue 
cultures and it is preferable to use hard glass (e.g, Pyrex) tubes, 
and containers. The following cleaning metiiod has been foimd 
satisfactory. 

(1) Autoclave with rubber bungs in situ after use. 

(2) Remove bungs and rinse tubes in hot running tap water. 

(3) Boil for twenty minutes in demineralised water in a boiler witii 
soapflakes (one handful to about five gallons). Small tubes are boiled 
in an enamel basin on a gas-ring. (Rinse water from the demineraliser 
may be used for this purpose.) 

(4) Brush the tubes as removed from boiler (preferably with a motor- 
driven nylon brush). Do this sohile the tubes are hot or serum remains. 

(5) Rinse in hot running tap water or in demineralised water if the 
local water is hard. 

(6) Transfer tubes into hot demineralised water containing an 
inorganic detergent. Thoroughly wash in this by emptying and filling. 
The following solution can be used: 

Sodium hexametaphosphate . 40 g. 

Sodium metasilicate (technical) . . 360 g. 

Demineralised water .... 1 gallon 

Dissolve and allow to stand overnight. Dilute 1 in 100 before use. 

(7) Rinse in hot running tap water at least four times. 

Rinse three times in demineralised water. 

(8) Drain and dry in drying cabinet. 

(9) Dry-sterilise at 160° C. for three hours in racks with the tubes 
either mebd-capped or covered with aluminiiun foil. 

Rubber bungs should be treated as follows after autoclaving: 

(1) Rinse in hot tap water. 

(2) BoU for 20 min. in 20 per cent. NaHCOs. 

(3) Rinse in hot tap water. 

(4) Boil for 20 min. in 20 per cent. HCl. 

(5) Rinse in hot tap water. 

(6) Pack in layers separated by lint in tins or glass containers and 
autoclave. 


CloBiiitiil of Glassware Ibr Biochemical Work 

(1) Remove any grease with petroleum. Wash with warm tap water. 

(2) Place in dichromate-sulphuric acid cleaning solutkm for 

12-24 hr. , ^ • 

(3) Remove^ washing by rinsing in hot tap water at least four tomes 
^d in diatiEedi water twice. 

(4) Dry in <wen if tl» glassware is not used for accuwfo vdumettoc 

purposes. 
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IMclttomiite'Sii^&iiric Acid facial Soludmi 


widi 35 ml water. Cod and add concentrated HtSO| to 1 litre. 
Technical grade reagents may be used. 

This fluid should be handled with care. Preferably rubber gloves 
and an apron should be worn. If clothes or skin are splashed with the 
fluid, they should be immediately washed in water, and any residual 
acid neutralised with sodium carbonate solution. This, in time, is 
washed ofl with water. 


Cleaning aS Pipettes 

(1) If contaminated with infective material discara the us^ pipette 
into a 3 per cent v/v lysol solution and leave until convenient to wash. 
(The lysol solution is best contained in a rubber cylinder about 15 in. 
Itigh and 4 in. in diameter. The points of the pipettes are not liable to 
be broken when dropped to die rubber bottom of the cylinder.) 

(2) Rinse in tap water. 

(3) If necessary, steep overnight m dichromate-sulphuric acid 
cleaning fluid. 

(4) Wash with tap water in an automatic pipette w^isher. 

(5) Connect the pipette to a water pump by rubber tubing and draw 
through distilled or demineralised water followed by acetone. Finally, 
sud ^ugh air until the internal surface is quite dry. 

(6) If required, the top end of the pipette is pitted with cotton- 
wool; this is pressed entirely within the end of the pipette so that fliere 
are no protruding strands of cotton to prevent close fitting of a rubber 
teat or nmuth-piece tube which may be later attached to operate the 
pipette. 

(7) To sterilise the pipettes, pad them in copper cylinders with 
slip-on lids or in lengths d wide-bore i^ss tubing stoppered with 
cotton-wool Place in a hot air oven at 1^^ C. for 60 min. 

JVbfe.— -Accurately calibrated volumetric glassware dould never be 
heated in an oven, since the expansion and contraction of the glass 
makes Jhe graduations inaccurate. Such glassware should be kept 
separate from that intended for sterilisation. 



CHAPTER 51 


PHYSICAL AND CHEMICAL METHODS: H 

CENTRIFUGES, PHOTOELECTRIC COLCMKOMETERS 
AND METHODS OF COUNTING BACIRRIA, 
MEASURING BACTERIAL GROWTH AND 
PREPARING CELL-FREE EXTRACTS 

CENTRIFUGES 

Thb !^t method fof the separation of a microoiganism from its suspendii^ 
fluid is that of centrifu^tion. This is carried out in the centrinige, an 
apparatus for the separation of two substances of different density by centri- 
fugal force. 

The rate of settling r (cm./sec.) of spherical particles of density ip and 
of radius a fcm.) in a medium of viscosity ij (c.g.s. units) and of denrity dM 
is given by Stokes’ law: 

_2a*c{dp—dm) 

where o is tte acceleration due to gravity (981 cm./sec.2). 

From this equation, it is evident tiuit tne rate of settling of a parride will 
be increased by the following fftctors: 

(1) An increase in ^ size of the particle. Thus, larger microorganisms 
like yeast and fungi sediment faster than bacteria which, in turn, wffl 
wdiment faster than viruses. Note that the size of the partu^ is squared 
in the equation and thus an increase of the radius of the partides by a fiwtor 
of 2 will increase the rate (ff settling by a factor of 4. 
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and that of the medium dm. Thus a capsulate bacteriiun will have a lowdr 
average denary and be more difficult to sediment than its rum-capsuhte 
variant. 

(3) A decrease in the viscosity of the medium. For ernmple, mbm 
deiibrinated blood is being washed {vuk p. 933), the first sedimentation of 
the corpusdes from the viscous serum takes much lor^er than when ‘tire 
corpusdes ate suspended in saline. 

(4) ^ An increase in the force due to gravity. T^ force is in c r eased 
artificially in the centrifuge. The dqpce by vriudi this force is inoeaaed is 
measured by relative centrtfiigal force (RCF) vriiich can be obtdned 
by tire foUcri^ fimiaila: 

RCF (in o)- M18 X 1(H X R X JV», 

where JR*>tiie radius of the centrifiige in cm., being the distaace finim tiie 
centre of the cnttifbge shaft to the tip of the cent^oge tube: Na»t«vchitiiOiQS 
per minute ^r.pjn.). .. 


r* I’i ft® • ftfti 




squared, is very imxxwtant b determining the rate of sedbaen 
^ou|h ah m radius df the ivffi betease mO lab of 

sedimeuMba, it it mm t&deait and timpbr piictica% to baiaiiiMhp 
speed. HtowtrenRkinoit important to 
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according to the maximum RCF rather than the speed itself, which, 
without specification of the radius of the centrifuge, is meaningless* The 
calculation is simple* Thus, a centrifuge with a radius of 20 cm* and a speed 
of 4000 r*p.m* has an RCF of M18 x 20 x(4000)«x 10-5 « 1788 a, say 
1800 times the force of gravity. Consequently, particles will sediment in this 
centrifuge at a rate 1800 times faster than in a tube on the bench. 

Types ci Centrifuges 

A variety of centrifuges is now available and the choice of a suitable model 
depends upon the following factors* 

(1) The size of the particles to be sedimented. / As shown previously, 
the smaller the particle, the greater will be the FCF and time required for 
centrifugation. Machines can be obtained commergally with speeds up to 
about ^,000 r.p.m. and RCFs of up to about 200,000 G. Generally 
speaking, yeasts and fungi require a centrifuge with! a maximum RCF at 
least 1000-2000 G., bacteria about 2000-4000 G,, and Wruscs about 50,000- 
150,000 G. At higher speeds (RCF above about 4000 G.), glass tubes are 
apt to break even if surrounded by a rubber sleeve or a layer of water. Stain- 
less-steel tubes may be supplied for the most exacting strength requirements, 
that is for the very highest speeds and centrifugal forces and for maximum 
resistance to corrosion. However, for most purposes, plastic tubes of 
cellulose acetate, nylon or polythene can be used. In order to prevent 
deformation of these tubes under high centrifugal forces, caps should always 
be used and the tubes should be fully filled. The i;nain disadvantage oi 
plastic tubes in microbiological work is that they canhot be sterilised in a 
hot-air oven like glass tubes. Even boiling tends to cause deformation and 
it is recommended that the insides of the tubes and caps be exposed to 
ultra-violet light for sterilisation. 

(2) The volume of material. Centrifuges can be obtained with capacities 
of up to at least 15 1. The fluid to be centrifuged is contained in tubes oi 
buckets, the number and size of which is subject to a wide variation. Foi 
very large amounts of material, continuous-flow machines are available. Th( 
fluid to be centrifuged is normally continuously passed along the inside of s 
rotating tube. The particles sediment very quietdy in the thm layer of liqui< 
passing along the sides of the tube and the supernatant passes out of th< 
macyne to ho collected. Continuous flow centrifuges (e.g* Sharpies) of thi 
type are common in industry, but are not often used in the laboratory. 

(3) Tbe ease with which the particles form a hard pellet at the bc^m o 

the tube. Many centrifuges are of the angle type in wmch the tubes, instea 
of being aUowed to swing out wd rotate in a horizontal plane, are fixed a 
an angle (from 20^-45*’) on the rotating h^id. The advantage of the angub 
portion IS that particulate matter is rapidly separated and conoentratec 
wiA consequent saving of time. This is bmuse the particles have to travere 
only a short distance before deposition on the sides of the tube, after wfaic 
they slide to the bottom. The tubes are encased in a metal head, which i 
its rotation offets alight reristance to air and m obtains groi^ and 
1ms liable to warm up due to friction* A disadvantage is that a < 
deporited material may remain adherent on the peripheral wall of the tub 
and when the impending fluid is removed it is wBmt to avoid contairuni 
tiem caimd 1^ turbulence^ ... 

(4) The temperature required for centrifugation* In most 

it is advaimgeoiis and oflmi essential to oentrifugeiUriow tei^ 
turea. This prevmits mefaboliam, loss of or e 
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centrifugation, Consec^pieixtly, rrfrigeration units are built into ibaHy of Ibe 
larger ccntxiniges. This is particularly important in Mgh^Speed centrifuges 
inhere the temperatuxe may riw due to friction unl^ rebigeration is used. 
In machines it is possible to obtain temperatures down to ribdttt 
— 15 C# 

For a routine bacteriological laboratory, a small bench centrifuge tayrng 
1(K20 tubes of capacity 10-30 ml. at a maximum RCF of about mO o. is 
essential. It is, however, convenient to have a centrifuge that will hold 
the standard S-in. test-tube and stopper used in routine bacteriological 
culture, thus avoiding the need for transference to a proper centrifuge tube« 
For more geiwral and research purposes, larger machines are available, with 
or without refngeration and with s^ds up to about 6000 o. To centrl^ 
rickettsias and viruws and for special research purposes, speeds up to about 

150.000 o. are required. ^ For such high-speed ultracentrifuges (above about 

20.000 r.p.ni.), the centrifuging compartment must be held in vacuo in order 
to reduce friction, and vacuum pumps are included. 


Method of using the Centrifuge 

(1) Tubes must be put in the centrifuge in pairs that have been accur- 
ately balanced. The members of a pair of tubes must be placed diametrically 
apposite each other. If there is an odd number of tubes, a balance tube 
containing water must be prepared. If the buckets are removable from the 
centrifuge, they should be balwced with the tubes. With a pipette or plastic 
ivashing bottle add a little water to the lighter bucket, not the tube, until 
:he two sides are balanced. 

(2) Before putting tubes into the buckets, make sure that the rubber 
:ushions or slewes are in position at the bottom of the buckets. O&erwise 
areakages are liable to occur. 

(3) Precautions must be taken to ensure that the cotton-wool plugs of 
culture tubes are not forced down into the tube during centrifugation. In a 
wing-out head, fold the upper portion of the plug over the mouth of the 
ube and secure it with a rubber band. With an angle centrifuge, it is 
jufficient to splay out the top of the plug. However, even when thecot ton- 
>vool plug is secured in diis way, cotton fibres become detached and can be 
ieen microscopically in the centrifugate. In order to avoid this, aluminium 
>r stainless-steel caps can be used to keep the tubes sterile. Alternatively a 
»crew <^p without a washer can be placed over the mouth of the tube, tk» 
ize being a loose fit. (For ordinary 15 ml. tubes, the M2 screw cap of a 
hoz. “bijou’* bottle is convenient) 

(4) After the tubes have been placed in position, make sure that the 
wetal buckets in a swing-out head arc properly seated on the rinp and aie . 

to swing. 

(5) Close the Ud and make sure it is secure. The lid tmat not be 
[?oved when die centrifiige is running. Apart from the dai^r ol an opiaa 

a dectease in speed dhe m “windt^** wffl ensues 

(6) Make sure that the rheostat is bad: to the aam posiriep. (Some 
^^^Mfuges have an automatic switch-off unless this is so. This prevents 
^b'ain by inadvertently switchiag on with the resistance oat ofidrciiit.) 

(7) Start the motor and groAioIly increase the speed by taking the resist- 

' out by means of the rheostat Pause at inter^ to alkm de machine 

‘ gather sp^ until de required r,p«m. aite reached* Unleaa this ftotam 
^tned out dowly, the life of the centrifuge will be conaiderahly ciutaBeil. 
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Some machines have a biiUt«*m revolution counter, while in others the 
rheostat must be calibrated by placing a tachometer on the rotating spindle. 

(8) When the tubes have been centrifuged suiG^ently, swtim off the 
motor and then bring the rheostat back to the zero position, ^me centrifoges 
have an automatic timer built in which will switch off after the required 
time-intervaL 

(9) Allow the centrifuge to come to a stop. Never slow the rotating head 
with your hand as brake. This will tend to redisperse the centrifugate 
due to turbulence and may cause serious injuries. Wait until the machine 
has stopped before attempting to remove the tubes. 

(10) Periodically (e.g. once a week or once a fortnight) a centrifuge should 
be lubricated according to the maker’s instructions, j 

The Washing of Bacteria and Other\cdUs: 

^^Washed Suspensions’* 

The cell suspension is centrifuged at a suitable speed and preferably at a 
low temperature. Microorganisms grown on a solia medium are first 
suspended in liquid by scraping off the surface of the agar with a curved glass 
rod into a small volume of a suitable suspending fluid. (This suspension may 
be contaminated with lumps of agar which can be removed by filtration through 
cheesecloth.) The pellet of cells at the bottom of the centrifuge tube is 
resuspended and centrifuged. This washing process is repeated once or more 
to free the cells from the original suspending medium. The cells are finally 
made up to the required volume in the required solutioiu 

For metabolic experiments, the ceUs are washed in a medium similar in 
composition to the culture medium but with one or more components 
omitted so that growth does not occur. The “washed suspension” so ob- 
tained is particul^ly suitable for experiments on catabolism; a substrate and 
buffer are added so that the breakdown of the substrate can be studied 
uncomplicated by growth processes or by the metabolism of other substrates. 
However, it must be realised that some activities “decay” rapidly after, oi 
during, the preparation of the washed suspension. 

PHOTOELECTRIC COLORIMETER 
AND SPECTROPHOTOMEIER 

One of the simplest and most accurate methods of measuring the quantit) 
of a microorgaxnbm depends upon a turUdit^ measurement, just as manj 
of the quantitative micro-methods used in biochemistry dej^nd upon th( 
measurement of the depth of colour in a solution. For such measurements 
a phc^Iectric colorimeter or spectiophotometer is sinqder and more accurat< 
tfan visual conqiarison. It is also much quicker and from many person^ 
factors, such as tsft fatigue, colour bUnoness, etc., which are inherent ir 
visual metikods. 

The theory of tiie uumrumeiit a$ a cojortmet^ depends upon the appU^' 
tion of Beer% Law, wluch states that tire extent of dtmimition in lignt in* 
t^mty on pacing through an absorbing material diqpemk upon the natu^ 
and coficentraima of the absoriring inatmal and upon tiie le»^ of the W 
path* This can be expressed as fi^owst 




PHOTOELECTRIC COLORIMETER ®67 

iiitei^ty of the beam itfter passii^ through the soliittoi\ Joia 
the iucidfint intensity) ^ is the extinctioii coraicieiit depen^bg uptm the 
particular chrosnogeii) c is the concentration of the chroxnogen and / is the 
length of the light path through the solution* 

It 18 pCMible) therefore) to determine the concentration of a substance 
by measuring lojl in a vessel of standard dimensions. In photoelectric 
colorimeters and spectrophotometers, light intenitity is messured by photo- 
electric response which can be made directly proportional to the quantity 
of light falling on the photoelectric oeU. 

Two main types of instrument are available. 

(1) Single-cell Apparatus 

Fig. 66 



(2) Twiii*ceU Apparatus 
The following points shoiild be noted: 

(1) It is essential that the intensity of the source of light L should remain 
constant during a reading. A main suspply is subject to sudden chang es of 
volt^ and 8&>uld be used only wi& a constant-volt^ transfmmer. 
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Alternatively, an accumulator can be uaed. With a twin-cidled instruuMat, 
changes in imenioty a£foct both cells equally and therefore im enpr fo 
involved. In a inatrument it ia necessary to dbedt tbe ma(ilti|^ 

inth die Uat& adteftkm a£imr eadh det^^ 

(2) The colour i^mFiaoIatmt^ part of dm ^teetrumwiiareabawpthin 
°y the (duniunfcn la gteamat. A filter ia selected d^giem a eel(^^e(l 
hght t^tmmngen. TbuSb tlw tK^tMUt 
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is blue, a red filter should be used. The narrower the rmgt of wavdlength 
transmitted, the more can interfMencc by other compounds be eliminated. 
In a speOrophotometer, a prism is built into the machine and sdects light of 
a small wavelength band. 

(3) In the twin-celled instrument, a half-silvered mirror HM and a 
mirror M are used to split the light into two approximately equal beams. 

(4) There is an adjustable slit S in the light path. 

(5) The cuvette or tube C containing the solution should be of standard 
len^ of light path. 

(6) Light falls on the photoelectric <»11 or cells P and the current generated 

is measured by a microammeter A which is usually calibrated in a log scale 
permitting direct reading of log lojl. In some two-celled apparatus, a 
calibrated slit is placed on one side of the slit and is! adjusted to give no 
deflection on a galvanometer. \ 

Directions for the use of a particular machine can D|p obtained from the 
makers. In all cases a blank solution is used in which the chromogen would 
be dissolved. A calibration curve should be constructed of the reading of 
the instrument (log lo/I) against known amounts of chrWogen. If Beer’s 
Law is obeyed, a straight line will be obtained. Unknown samples are 
compared with the plot. 

The use of such instruments for turbidimetric measurements of bacterial 
numbers is considered later (pp. 872-873). 

COUNTING BACTERIA AND MEASURING 
BACTERIAL GROWTH 

Tht method used for determining the amount of a micro-organism present 
in a suspension depends upon the kind of information required. In particular, 
since no constant relation exists between the ratio of increase in protoplasmic 
mass to rate of multiplication, it is necessary to distinguish clearly between 
methods which measure multiplication (e.g. total count) and those which 
measure growth {e.g. total nitrogen content, dry weight, etc.). 

Methods of Counting Bacteria 

(1) Total Count 

Microscopical count 

A total count of the living and dead bacteria in a liquid culture or suspen- 
sion is made microscopically using a slide counting chamber. A suitable 
chamber (as supplied by Hawksle^ Ltd., London) consists of a thin glass 
^de with a flat, circular platform depressed exa^y 0*02 mm. below the 
surface and surrounded by a deeper **trench”. An area of 1 sq. mm. on the 
platform is marked with a Thoma-type grating of ei^raved fines into W 
small squares (each 0*0025 so. mm.). The chamber is closed with a thick 
optically-phne coverslip. WW the space between platform and covcrslil 
is filled with a bacterim suspension, the volume over each smaB square it 
0*02x0*0025 cmm., Le. 0*000,000,05 mb The average nund^er of bactciit 
per sqfuare is calculiked from counts made in sufficient squares U.g^ 100) t 
yitid a mgsdSca^ total number of baderia 100-1000, prelerably ovc 
300). Counts are best made tn prqpardtqnsha^^ 
per square {U. 40400 million per tid*). bacteria occurtim hh 
ribains or chiders,.an ^*tiidmd«w cdS count*’ mm ^ made oHtt rite celk 
4»r a ^Igioup count” of the groups pltMi anj^ iaolstea sii^ cdls^ 
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Fix the bacterid suspension by addiiffi 2 or 3 «h(»a of 
40 per cent formaldehyde per 10 mL Mix thoroughly. M the suap&n 

is too dense, inepare a measured dUution in the range <40-^200 mUfom badnfo 

per mL 

(2) Wash, rinse, drain and dry the counting chamber and covenho. 

Keep than covered until use, free from grit and durt. ^ 

(3) PlsM a small drop or loopfol of the sumenwn «hi the centre of the 
chamber |>latfom ^ apply the coverdip. llie doe of the drop must he 
such that It will fill nie whole space between phuform and covefslipi 
not extend across the trench’ to float the coverslip from the slide* The 
covcrslip must be^ applied closely and evenly; it is pressed down until 
coloured Newton s rings are seen uniformly distributed over the areas 
of contact* 

(4) Examine the preparation with a phase-contrast microscope, using 
the dry, J in. objective; this shows the unstained bacteria clearly and enables 
their distinction from detritus. Alternatively, a dark-ground microscope 
may be used, or an ordinary microscope with the iris diaphragm closed or 
the condenser slightly defocussed (it may then be helpful to stain the bacteria 
by prior addition of freshly filtered methylene blue to a concentration of 
0‘1 per cent.). 

(5) Count the bacteria in a sufficient number of squares to obtain a total 
of several hundred bacteria, selecting the squares in a pre-arranged pattern 
{e»g. all in every fifth row). Focus at different levels for the bacteria that have 
not settled ; most settle on the platform in 5 or 10 min., but some adhere to the 
coverslip and a few remain in suspension. 

(6) Calculate the average number of bacteria per square. Multiply this 
by 20,000,000 and by the ^ution factor, if any, to obtain the count per mL 
in the original suspension. Count two further preparations of the same 
suspension, and unless discordant, take an average of the three results. 

If the original suspension contains much less than 40,000,000 bacteria 
per ml., a haemocytometer with a 0*1 mm. chamber may be used so as to 
obtain a significant count in fewer squares. An ordinary microscope is used, 
the bacteria are stained and the preparation is left for twenty minutes befmre 
counting so that most bacteria may settle on the platform. 

(2) Viabk Count 

{a) Pour^plttle mediod 

The number of living bacteria or groups of bacteria in a Uquid culture tir 
suspension is counted by a cultural method such as the ^ur-plate method* 
A measured amount of the suspension is xnixed widi mdten medium 
in a Petri dish« After setting and incubation, the number of coloaies is 
counted. As a oomproimse oetwen sampling and overcrowing etrors, 
counts of pure cultures should be made on plates inoculated to yield between 
SO and 500 colonies (ideafiy 200-400). ^ 

fVocediire#— (1) Prepare serial tenfold dilutions of the bacterial ^ispeiiwn 
oyer a range ensuring that one button will contain bctwera 50 and SOO 
viable bacteria per Use a diluent suitable for the organism concerned, 

buffered saline, Ringer or Locke’s solutions. Pipette 9*0 ml. an^^B 
of diluent into each of sevend (6-9) sterile test tubes. Mix uniformiy the 
bacterial suspension (vigorous shaldng may ffiarupt cell groups and increase 
4e viable ctmntL WiA a sterile 1-ml. delivering pipette, transfer 1^0^ 
®ospension into the fi rs t tube of ffiloent (fill and einpty Ae pqjetteya#® 
*^*pen«on several times before iriffidrawing from w ooginal oomutier; 
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remoire any excess drop from the outside of the pipette and ihm slowly 
deliver its contents into the tube of diluent, tcmchmg die wall of the tube 
but not dipping into the diluent). With a fresh sterile l»ml. pipette, mix the 
first dilution by filling and emptying several times, and then transfer 1*0 ml, 
into the next tube of diluent. M&e the remaining dilutions in the same 
way, using a fresh pipette for each. 

(2) Starting witii the greatest dilution, pipette 1*0 mL amounts of each 
dilution into e^ of three 4-in. Petri dishes. Then pour into each dish about 
10 md. of clear nutrient agar, melted and cooled to 45-50® C. At on<^ mix 
by rapidly moving the pkte, while flat on the bench, in a combiimtion of 
side-to-side and drcular movements in different directions; continue for 
about ten seconds, taking care not to spill any of the atents. Allow the 
agar to set and incubate inverted for two days at 37® C or as most suitable 
for the species examined. 

(3) Count the colonies in the three plates that were loculated with the 
dilution giving between 50 and 500 colonies per plate (s'" iP. 968 for counting 
methods). Multiply the average number per plate by dilution factor to 
obtain the viable count per ml. in the original suspension} 

(6) Surface viable count by spreading method 

A surface viable count is made when the bacterium is best grown in surface 
culture or on an opaque medium. Prior to inoculation, the plate of medium 
is dried for at least two hours at 37® C. with the lid ajar; it should then be 
able to absorb ail the water of the inoculum within about fifteen minutes, 
ue. before the bacteria can multiply. Tenfold dilutions of the bacterial 
suspension are made as for the pour-plate method. A suitable volume of 
each dilution, e.g. 0*1 ml., is pipetted on to the surface of each of three plates 
and at once spread widely with a fine wire loop. The viable count is calculated 
from the average colony count per plate. 

(i;) Siirliace viable count by Miles and Misra method 

Alternatively, by the method of Miles and Misra (1938), the inoculum is 
deposited as drops trom a calibrated dropping pipette. Each drojp, 0*02 ml. in 
volume, is allowed to fall from a height of 2*5 cm. on to the medium, where it 
spreads over an area of l*5-2*0 cm. diameter. Each of six plates receiv^ one 
drop of each dilution in separate numbered sectors. Counts are made in the 
drop areas showing the largest number of colonies without confluence (up to 
20 or more); the mean of the six counts gives the vialde count per 0*02 ml of 
the dilution. 

Because of variations in average cell sixe, bacte^ counts do not bear a 
constant rdationship to the amount of protoplasmic growth* T%e amount 
of protoplasm is better gauged by an opact^ measurement, weighing or a 
total nitmgen estimation. 


of 

( 1 } 

A spedfied vohmto of the suspensioa ia oentnbhmd sn a ^Hsctal tube, 
imiaBy a amiliary t^ibe. The height of the packed J 

ihmevec, thetnmodts w 

li very thtchdiiqiei^^ v . . . 
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(2) Wet Weight 

Amounts of culture for inoculation of animals are sometimes measured by 
wet weight. The moist surface growth on a solid me^um is scraped from 
the medium and weighed at once« However, such estimations are inaccurate 
because of the difficulty of evaluating the relative contributions of water 
wetting the bacteria] surface and intracellular water* Further^ in bacteria 
forming capsules and slime, the wet weight may greatly overestimate the 
amount of protoplasm, since it includes the weight erf these highly hydrated 
extracellular substances. 


( 3 ) Dry Weight 

The weight of the dried solid matter of bacteria affords a better measure 
of their protoplasm. The cells from a known volume of culture are washed 
free from soluble salts, nutrients and waste products by centrifugation in 
distilled water (p. 866 ). It is assumed that no lysis occurs during this process. 
The whole or a known proportion of the washed cells is placed in a weighed 
vessel and weighed again after drying to a constant weight by heating in an 
oven, e.g, at 120® C. for about three hours. Cool after each heating in a 
desiccator over P 2 O 5 and weigh quickly to prevent absorption of water. 


(4) Total Nitrogen 

One of the most reliable and constant methods of measuring the amount 
of bacterial protoplasm for metabolic measurements is by an estimation of 
the nitrogen present in the nitrogenous components of the cells, i.e mainly 
proteins and nucleic adds (nitrogen content about 16 per cent). The cells 
from a known volume of emture are washed by centrifugation to free them 
from nitrogenous constituents of the medium and from extracellular ex- 
cretion products. The total nitrogen of the cells is then estimated by the 
micro-Kjeldahl method. The cells are digested with sulphuric add using a 
CuS 04 -K 2 S 04 - 8 elenium catal^t The ammonia produced is removed a&r 
making the solution alkaline oy steam distillation in a suitable still (e.g. a 
Markham still}, trapped in 2 per cent, boric add and estimated dther by 
titration or colorimetrically amr the addition of a suitable reagent (e.g. 
Nessler reagent). 

Instead of measuring the total nitrogen content of the cells, it may be 
preferable to measure the total non-dialysable nitrogen content A memsoied 
volume of a washed bacterial suspendon is placed in a length of dialyds 
cellophane tubing tied off at its lower end. The bacterial enzymes are in- 
activated and the cdl nmnbranes burst by immersing the sack in beili^ 
water for a few minutea. The sack is then dosed tighdy on iu contents py 
tying the upper wd. It is placed for a period of 24 hours in a Jar of runnii^ 
tap water, or in a volume of distilled water. The fluid indde the djalysis 
^^ck is removed by cuttiiig one end and the volume noted for an^ chidges 
during dialyda* The nitrogen content is then determined as described. 


(5) TiirWdity 

firowaV Opmify Jlafter.— Admple method of determi^ffie 
number of bacteria in a is by meant of standard tmbtdity lobes 

nuchas the Brown iindeiflbowm llus consists in compor^ 


nmnsiimM 
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natively a stable suspension in ^latin can be used pnmded a pceservative 
is added. In makii^ comparisons the bacterial suspention should of course, 
be placed in a tube of nmilar dimensions to the standards. The matching 
is facilitated by readii^ printed letters through tiie suspensions. 

The ttdtle gives the numerical equivalents of tiie opacity standards for 
certain oi^;anisms according to Cunningham and Timothy ^1924). 

It must be realised, however, that these figures may be inaccurate owing 
to the method of counting that was used. Further, the opacity of a bacterial 
suq>ension wiQ depend not only on the number of bacteria and the species 
of bacterium but also on the strain and the conditions of growth, which both 
affect cell size and density. It is advised that if opacity tubes are used, they 
should be calibrated for the particular organism aijd growth conditions 
being studied. 

Showing the Relate of the Opacity of Brown's Standards to the Numerical 
Equivalent of various Bacteria estimated by means of the Ha^macytometer Method 
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The figures represent thousands of millions per ml. 

Standard opacity tubes with the corresponding tables are supplied by 
Burroughs WeUcome & Co. 

Use of a Photoelbctmc Colorimeter or Spectrophotometer.— T he 
torbidity of a suspension is caused by the light scattered by particulate 
matter during its passage through the suspension. Clearly, accurate measure^ 
ments of turbidity uid hence bacterial growth, can be obtained in two ways. 

(1) By measuring tiie amount of l^t scatterod directly, a procedure 
occaalom^ called nephelometry. This is rarely used in practice. 

(2) By measuring the light lost from the beton by scattering. Light 
absorption is assumed to be absent This loss can be measured accurately 
in a photoelectric colorimeter or spectrophotometer where a relation similar 
to Beer’s Law applies. The expression u the same as that on p. 866 except 
tint tite term extinction coemcieat is replaced 1^ a constant called the 

ooeffidbit A Mandard plot can be made of log /o//agaiQM either 
the tcttal nitrogen content or tiie dry woght The oonomitratimi fitetor appbff 
mri^to preiofdasBUc maw as the evee of the otguiiraas as well as dte>t 
dcteiminw luibidi^ ■ 

1%e IpHowhig peinte titeidd Ite n^ 



CELL^FEEE EXTRACTS 873 

(1) The calibration curve applies only to a particular orgat^m gram tmiar 
a particular set of growth conditions. A new curve must be preflared if a 
change is made in either of these. It should be noted that the shape of an 
organism as well as its size will alter turbidity. Further, cells grown in a 
medium to give a high carbohydrate or fat content generally have a high 
turbidity per cell. 

(2) Use a neutral or a blue fflter. In a spectrophotometer use a wave*- 
len^h of 5400 A. Light scattering increases very greatly as the wavelengtih 
decreas^, although it is not advisable to use too low a wavelength since light 
absorption will become increasingly apparent. 

(3) For the blank use the suspending fluid. The growth medium be 
used provided the absorption is not altered by growth of the organisms. If it 
is altered, the cells must be washed and resuspended in fresh solutions. 

(4) At low concentrations, a linear calibration plot should be obtained, 
but at higher concentrations a considerable departure from a straight line 
will normally occur. High cell populations cannot be determined unless 
they are flrst diluted to a suitable range. 

(5) The suspending fluid must be the same as that used for the prepara*^ 
tion of the calibration curve. 

Turbidity estimations in this way are the easiest and the quickest way of 
calibrating a bacterial population and they are accurate for comparative 
studies provided the above points are borne in mind. 

THE PREPARATION OF CELL-FREE EXTRACTS 
OF MICROORGANISMS 

In order to study the chemical and antigenic components of micro- 
organisms and particularly to study their enzymology, it is necessary to lyse 
the cell and to liberate their internal contents. This lysis will be accompanied 
by varying degrees of disintegration and solubilisation of cell components 
{e.g. the cell wall, cytoplasmic membrane, nucleus, etc.). It is preferable to 
use methods whic^ avoid too much denaturation of the high molecul^ wei^ 
cell components. Thus, any raising of the temperature during lysis should 
be avoided. After lysis, intact c^ and cell debris can be removed by 
centrifugation together with any abrasives added to aid disintegration. Before 
this process, it is often useful to add a small quantity of deoxyribonudeaae 
to reduce the viscosity due to deoxyribonucleic add.^ 

Various methods have been devised and are discussed in more detail 
by Hugo (1954). 

(1) Autolysis 

Many cells undergo autolysis under suitable environmental conditions* 
The rate of this autolysis varies according to the nature of the organism and 
the surrounding medium. However, due to their mechanici^ strong odl 
wdl, autolysis in bacteria is usually slow and is rarely an effective methM for 
preparing a cell^free extract. 


(2) Induced Lysis 

Various agents have been used to induce lysis in cella. The best inethoda 
for studying oamponents of the protoplast depend upon the use of ms&th 
specific for cell-wall destruction. The enzyme lysozwe obtaii^le worn 
egg-white, testa, saliva and oth^ body fluids brew Hnto 

waU so that, fo the absence of an osmotic stitbi^r. the 

iysosyme sidg onfy on a restricted range of bacteria. Other emgnmea niye 
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abo been used for tUs purpose as has bactmophage ^lysis from mihom” 
and complement in pres^Mx of the specific antibody. 

(3) Exfracdon e£ Dried Cetts 

When a cell suspension is dried, the cytoplasmic membrane is usually 
damaged so that the permeability properties of the cells aie changed and 
intracellular constituents can be extracted by suitable buffer solutions. Two 
methods of drying have been used commoiuy, 

(a) Preparation of acetone powders, A thick bacterial suspension is 
added to at least ten volumes of acetone previously cooled to — 10® C. Stir 
the mixture vigorously. Allow to settle for ten minutes and decant the 
supernatant. Filter on a Buchner funnel and wash wfcth cold acetone and 
ether. Dry in air on a filter paper. 

{b) Lyophilisation (f.e. freeze-drying; see pp. 806-8^). 

(4) Grinding with an Ahraaive 

A very simple method of producing a microbial cel!^-free extract is by 
grinding in a pestle and mortar with a suitable abrasive. A thick paste of 
bacteria is mixed with two to ten parts by weight of abrasive, the proportions 
varying with the organism concerned. Suitable abrasives are powdered 
Pyrex glass, polishing alumina or carborundum and the particles should have 
an average diameter of about 1 fi. About 5 g. of the mixture b chilled in the 
mortar and is ground vigorously for about 5 min. in a cold room or ice-bath. 
A suitable buffer is added before centrifugation. 

There are also a number of machines available thai will carry out a 
mechanical grinding by movement of the mixture of abrasive and bacteria 
between opposing glass surfaces. 


(5) Shaking with Glass Beads 

The cells are shaken vigorously with smooth glass beads. A suitable 
machine b the Mickle disintegrator^ and suitable bea^ are those incorporated 
into beaded projection screens.^ A roughly equal weight of glass be^ and 
a fairly thick bacterial sui^ension are placed in the Ssintegrator tube and 
are sb^en for 15-60 min. depending on the organism. It b preferable to 
place the whole disintegrator in a com room for thb stage. The beads can 
then be separated on a sintered glass filter. 

Thb method, although it causes inactivatbn of many enzymes, b par- 
ticularly suitable for the preparation of cell walb. 


- (6) EKtnisioii thrmigb ji Small Orifice under Prmsiire 

If cdls are driven through a narrovr orifice under a very high pressure 
appli^ for a short interval m time, disruption and lysb often occurs. The 
Hughes* {»ress* can be used for thb purpme. A riiidc paste of celb prepared 
with or vridiout a suitable abrasive, b placed in a stambss-steri hmk previ- 
ously cooled to about —20® in a deep-freeze unit A closcnfitti^ pbton is 
forcra on to the celb with a series of blows on a fiy-press.* The high pressure 
the frozen suspension and forces it through a narrow ori^ into a 
reservoif chamber in me block, where it freezes agsfrt Duri^ this b^ccess, 
the oeOs are disrupted at a low temperature, th^dinre causing a nmibtitim 


^ Mimfactmei by H. Midds, 4 Onnoiid Drive, 

* BsUotim htada maim&ctiursd by die EngUsh Co. Ltd,, lUScMw. 

* Obtiiiuhle fresn Shsndon Scientific Co. Ltd., 6 Cxornwril Flaoe, London, 

* Beoliigh Ho. 4 Fiy-pms, manufictured by Ihomaa Ward, Led., Sbeffielo. 
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of dcBEtiitatioB. The halves of the block are separated and the 
is recovered* 

(7) EspMiire to Soii^ 

When a microbial suspension is subjected to sonic or ultra-soi^c, 
breakage of cells occurs due to the creation of bed areas of low ind mgh 
pressure* Thick suspensions of bacteria can be disrupted within a diott 
interval of time and at low temperatures. Ultrasonic didntegralors producing 
frequencies between 400 and 600 kilocycles/sec. have been largely replaced 
by magnetostricture sonic disintegrators giving about 8-20 kilocydes/sSc* 
An example is the M.S.E.-Mullard Disintegrator^ gi'dng a frequency of about 
20 kilocycles/sec. A relatively thick suspension of bacteria is placed in a 
suitable tube (up to about 20 ml. at a time) and the probe of the disintegri^or 
is placed so that it just touches the surface of the bacterial suspension. Af^r 
tuning the instrument (see instructions provided with the madiine), the 
apparatus is left running for between five and thirty minutes, depending upon 
the organism being disrupted. Cooling may be necessary and the tube can 
be placed in an ice-bath. 

This method is one of the simplest and most reproducibb methods of 
preparing cell-free extracts of bacteria and it is coming into increasing use 
in the laboratory. 

(8) Freezing and Thawing 

A series of freezing and thawing operations may cause lysis of a sensitive 
organism. Although this method has not been much used in the preparation 
of cell-free extracts, it has been useful in the liberation of toxins of 
Bord. pertussis, 

METHODS FOR THE FRACTIONATION OF 
BACTERIAL COMPONENTS 

In order to fractionate the components of a bacterial cell, it is first neces- 
sary to grow the organism in large amounts. It is then separated from tte 
surrounding medium and washed by centrifugation or filtration. This 
surrounding medium will contain unutilised metabolites, intmnediate metar 
bolites produced in excess, the end products of metabolism {e,g, fermentatbn 
products) and the residts of any autolysis which has gone on during grow^. 
In addition, there will usually be high molecular weight substanc^ whkh 
often have important biologicGd properties and are usiudly of protein, pdly-^ 
peptide or polysaccharide nature (e.g. extracellular enzymes, exotoi^nB, 
antibiotics, levans, dextmns, type-sp^fic polysa^arid^, etc.). 

The washed celts so obtained can then be fractionated in two general waj/f * 

(1) Stroctorai Fmeriomtioii 

The cell is fractionated into its various morphological^ componenlsv whbsn 
chemical and functional properties can then be determined. For exampte, 
niethods have been developed for the separation and purificarion of the cell 
the cytoplasmic membrane, die nuclear body and some of the many 
types of inclusion bodies (Upid and glycogen granules, ribosomes, chromat^ 
Phorea, etc.), Tte medical bacteridi^st has been paiiiculariy mtei^^ 
those surfiu^ stroctuiies which are responsible for the antigenic charac^ of 
the organism, some of its. prcqperlies and its resistance to the ant^adieritd 

^ Detaila obtainable fiom the manufscturersi Measuringaad Soieotific Sqilf|teaBf« 
j^penaer Street, London, S.W.l. 



876 


MBDICAL MICROBIOLOGY 


xnechanisms of the host organism and to bacteriophage. Thus, the capsule, 
microcapsule and cell wall have received particular attention (Salton^ I960)! 
Components of the capsule can be removed from the cell wall by treatment 
with solvents or enzymes, whilst a concentrate of the walls can be prepared 
after rupture of the cells by shaking with glass beads. 

(2) Molecular Fractsonation 

The various types of molecule that make up the bacterial cell can be 
fractionated and their structure and function determined in the pure isolated 
state. We may distin^ish two types of compounds within the cell, those in 
solution separately within the c)^plasm and those integrated into more 
complex structures. The soluble substances can be s4^ ated by brealdng 
down the cell wall and cytoplasmic membrane by one of the methods de- 
scribed in the previous section. If the resultant suspeision is subjected to 
high-speed centrifugation, the complex structures will be found in the 
centri&gal deposit, i.e. complexes of high molecular weight proteins, poly- 
saccharides, lipids and nucleic acids. The supernatant \ contain many of 
the enz 3 ^es, together with inorganic ions and a pool of organic metabolites 
and metabolic intermediates. Further methods are available that separate 
high and low molecular weight compounds. The most commonly used are: 

(a) Add extraction . — The cells are extracted with 5 per cent, trichloracetic 
add or 10 per cent, perchloric acid in the cold so as to minimise hydrolysis. 
The low molecular weight intermediates together with some polysaccharides 
and lipids are obtained in solution after centrifugation. 

(bl Production of acetone powders . — thick suspension of cells if squirted 
rapidly into about 10 volumes of pure acetone cooled to —20^ C. The high 
molecular weight compounds in the precipitate are filtered on a Buchner 
funnel and washed with cold acetone and ether. 

In order to purify the components of the complex structures within the 
cell, it is necessary to break down the loose bonds joining the various molecules 
together. As an example, polysaccharides, lipids and lipopolysaccharides 
can be obtained by comparatively drastic procedures which deimture much 
of the protein, ^cohol and alcohol-ether at 40® C. to SO® Q« Will extract 
much of the lipid, although a preliminary hydrolysis by ft^liuric acid may 
be necessary for some lipids. The lipopolysacdharide components at the 
surface of me cell wall in Gram-negative bacteria can be extracted using 
trichloracetic acid (Boivin, A, Mesrobeanu, 1. and Mesrobeanu, L., 1933) 
or 45 per cent, phenol solution (WestjAid, O., Luderitz, 0. and Bister, F., 
1952). These Upopolysacefaarides hawe the toxic pyrogenic and immuno- 
logicaUy specific properties of the O antigen of smooth-colonied cells, 
almou^ the ability to produce anybody rests with the “complete” antigen 
which can only be extracted from the cell using mild procedures such as 
extraction with diethylene glycpl in the cold, "urn O antigen consists of a 
high<-md6cular weight complex of protein, polysaedharide and two types 
of%i<t . 
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CHAPTER 52 


BKXLOGICAL STANDARDISAIION AND 
MEASUREMENT 

BIOLOGICAL ME1HODS OF MEASURING VIRULENCE 
Bio-assay 

Biological assay is the estimation of the amount of some material in a 
preparation by observation of its activity on a living population, usually 
laboratory animals, but occasionally microorganisms, plants, men or 
tissue cells. The procedure involves (i) a test preparation of unknown 
potency, (ii) a standard preparation of known potency, (iii) a test 
population, and (iv) a detectable response that is specifically produced 
by the substance concerned in the assay. The potency of the test 
preparation is determined by ascertaining the mean response to a 
certain dose and comparing this dose with the amount of the standard 
preparation that pr^uces the same mean response, or “standard 
indicating ^ect'\ under the same experimental conditions. 

In ^asftsain g the potency of a biologically active substana, a mil 
of measurement must first be defined and the particular activity of ^ 
is then compared with that of a known standard prepararion 
in terms of this unit. If no standard preparation exists, a stable form 
of the new preparation is submitted when possible and this may be 
regarded as a provisional standard, of which a fixed weight or volume 
is said to contain one unit of the particular activity. A unit is Aus 
defined as Ae specific biological activity contained in a given wdght 
or volume of Ae standard preparation. If it is attempted to deto 
a unit otherwise, t.g. as Ae smallest amount of Ae substance p^ucu g 
a specified effect m an experiment animal, the wide variation m 
susceptibility between inAvidual animals of the same ^^es generaly 
introduces niany difficulties and sources of error. It will be e^dept 
that experiments mvolving such comparisons of test populat^ 
frequently demand a careful statistical approach and proper plam^. 

Many methods of meas u re m ent in microbioli^ have muA m 
common wiA bio-assay meAods and involve cos^arisons of Ae 
responses of sample groups of a'test population to diffajtt 
agents. If tiie responses are to be properly comparabfe, al ^ 


be identical* It be shown w*»v i 

example* nwty result in the inclusion of a significantly higher pr^oitinn 

of more robust animals A Ae early groups. There 
nised sources of observer and selector bias m 
for certain mimbers and oAtf factors so tlat it is 

«»pJe8 0t|Kwpe, 

RandoBttsation aiotdssome iiau^^ 
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^upft of indmdutds frcw a teat populiudon. Replication of observa- 
tions increases the precision the aven^ values and gives some 
measure of the d^ree of random variation within the group. It may 
be tint die ^ect of random variation can be reduced by making com- 
parisons between subgroups that are more comparable. For example, 
animal mcperiments may ^ designed in which the responses of litter- 
mates to two different treatments are compared and, in this case, each 
of a pair of littermates of the same sex and similar weight may be 
randomly assigned to one treatment or the other. 

Since variation between individual responses is inevitable there is 
bound to be unpredictable variation in the results pf an assay. This 
variation is refened to as sampUng error and the wan of measurir^ its 
effect are fully described elsewhere (see Hill, l%ii. When average 
results are given it is useful to give the mean result, ji.e. the arithmetic 
average of ^ the results. This value may, howeveri be affected con- 
siderably by the presence of a few extreme values, ^d where this is 
the case the median result may be given instead, i.e. die middle result 
of all the results tdien these are arranged linearly in ascending order. 
The median is not affected by a few extreme results. 

In bio-assay work, a sample of a standard preparation is routinely 
included in each assay. Laboratories may hold their own local standard 
materials and these are checked periodically against recognised standards 
that are held in stable form by a central laboratory. The International 
Laboratories for Biological Standards at the Statens Seruminstitut, 
Ct^enhagen, Denmark, and at the National Institute for Medical Re- 
search, London, England, hold all International Biological Standards 
and International Biological Reference Preparations. These include 
(a) immunological substances such as tuberculin, tetanus toxoid, 
diphtheria toxoid, pertussis vaccine, tetanus antitoxin and diphtheria 
antitoxin; and (i) pharmacological substances such as antibiotics, 
hormones, vitamins and drugs. 

Biologically active sub^uices that can now be estinuted quanti- 
tatively by physico-chemical methods may be ass»|ned indeptiidently of 
biological me&ods. This is true (ff many substances that used to be 
assayed biologically, e.g. vitunin C. 

Assay-Methods 

Dkeet — ^The amounts of the standard and test preparations 

re<|uittd to produce a specified raponse are directly conq>ared. For 
eadunple, the dose of a substance that on avos^ kills the te^ aaiinal 
within a specified time (or that which, when infbsed at a constant rate, 
just kffis we test animal) may be measured and compared with that of 
a ^sndatd preparation tested smmltaneoualy. ^ace antmials vary in 
soscMtibiRty, tte mean of several experiments is taken in emh 
sad w pofemcy of the test substaisee in to tibe stuulard b 

indiosted by the ratio of tim two meaiw. Diiect measureo^ of 
crhiBid dose, remured to ^didit a particular it^ionse k oot 

poaadda and iix&ect asaay meAam are more unia% employed. 
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Indirect Atse ^. — Responses produced by different dosits are' 
served. type of as^y may involve obsnvations of: (i) the presence 
or absence of a typical response, such as death of the test anpniial. This 
“aU-cwr-nothk^” residt is referred to as a quantal response; or {ii) dt^ees 
of magnitude of the response, such as increase of weight or time of 
survival of the test animal. This is a quantitative respessse. 

When the responses of similar groups of the test population to 
graded doses of the standard and test prt^Muatums.are measured in 
parallel and the oceans of each series are plotted against die k^arithm 
of each dose (log. dose), a dose-response curve is obtained for each 
preparation. TTiis is frequently linear in its mid-pordon (see Wilatm 
and Miles, 1964: p. 1209). 

MierohioIogiciU Assay.— ■Under appropriate conditions in a syndietic 
medium, the amount of bacterial growth {e.g, die number of cells when 
the growth is completed) is linearly prcqiordonal to the concentradon 
of a growth factor or essential amino acid whose stqiply is deficient in 
reladon to the other nutrients. Thus the amount of a growth factor or 
amino acid may be measured according to the amount of the growdi 
that it supports, as in the assay of vitamin Bj, using LacbibadOns 
leidmumnU. The mediod has the advantage of speci^ty and high 
sensidvity. In the case of vitamins it is possible to determine as litdb 
as 0*001 ng. per ml., and in some cases (biodn and B^) considerably 
less. ' It ^ould be noted that the response in these assays, e.g. prodac> 
don of turbidity or acidity by a growing culture, is usually lineuiy 
related to the dose and not to die logarithm of the dose. 

Microbiological assays are also of use in assaying andbiodcs, and 
various methods have been devised. In these assays, die deg^^es of 
inhibidon of growth of a culture bacteria by different concenttadons 
(ff the test pr^aradon are compared with ^e d^;rees of udubedon 
produced by known concenttadons of a standard preparadon (ff the 
andbiodc. 


Measurement of Vindmice 

The mssdmum kthai dose ^^MLW ), — ^This is die dose of a bsctedal 
suspension or toxin that just kills die test animal (or aU of several lest 
animals) wi thin a specific tune after administradon by a given rot^ 
The use of this measure assumes that all animals in the same 
are equally suscepdble, but since there may be differences in suaceptb* 
bility between anitnals the accuracy of ^e determinadon is partly 
dependent i^ion the number of animals used. In a procectore recoin** 
mended fin* die determination of diphtheria toxin in tonm of MLD, 
final testmg is consid^ed probdily correct within 10 per cent. if . ait 
least three doses not differing more than ± 10 per cent, ate used, with 
two gomea-pigs per dose (see Boyd, 1956; p. 642); the s m a lle a t dose 
killing both guinea-pigs tt the MU). 

1050.— The U>50 <50 per cent. Icdial dose) of a bacterkd cttlhne 
or tbxii} is die dose that kiib 50 per cent, of the test aidmak yndunija 
specified time. In vdew of die variadon in die susoeptdidity of 
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animals of the same iqiedes, the LD50 is usnally a more practiad and 
reliable measurement than the MLD. The LD50 of a particular 
preparation is umially estimated by refmence to the linear mid>section 
of the dose-response curve in whidr percent!^ responses (deaths) 
between 25 and 75 are plotted against the logariduns of the doses 
administered. It should be stress^ that this method of detemuning 
the LD50 involves assumptions regarding the linearity of the mid- 
section of the particular dose-response curve and ignores observations 
outwith the 25-75 per cent, response rai^. Furthermore, misleading 
conclusions may be drawn if such an experimental determination is 
not performed with adequate numbers of animals injeach group. The 
problems involved are discussed extensively by Boyo (1956: p. 694). 

The measurement of 50 per cent, end-points. — ^In sting the potency 
of a bacterial toxin, or the lethal dose or infective do of a bacterial or 
viral suspension, varying amounts of the test preparation (differing by 
a constant dilution factor) may be inoculated into groins of susceptible 
anunals. As described above, it is more accurate to take the end-point 
of the titration as that dilution at which 50 per cent, of the animals 
react, and to work in terms of the LD50, ID50 etc. When the standard 
indicating effect is not death but some other response, the dose that is 
^ective in 50 per cent, of the test animals is referred to as the ED50. 
The dose infecting 50 per cent, of animals is the ID50. The dose 
protector 50 per cent., as in testing immunising agents (q.v.), is the 
PD50. In many virus titrations it is possible to use chick embryos or 
tissue cultures instead of animals. The TCD50 is the dose causing a 
cytopatMc effect in 50 per cent, of the inoculated tissue cultures. 

The most reliable assay method involves testing large numbers of 
animals or tissue cultures with many closely spaced dilutions near die 
value for 50 per cent, reaction. Especially when animals are used, this 
is seldom economically possible and it is often necessary to use rather 
widely spaced dilutions (e.g. decimal or doublii^ dilutions) and groups 
of moderate numbers of animals. 

The method of Reed and Muench (1938) allows a more precise 
determination of the 50 per cent, end-point thw is possible by simple 
interpolation between two aitical dilutions and gives an effect as if 
larger groups of animals had been used than were actually inoculated. 
Thm is, moreover, a tendency to equalise chance variations. 

Reed and Muench'a mediod for estimation tdTLDSO 

In Reed and Munich’s method it is assumed foat animals dying at 
a stated dose would also have been killed by greater amounts ci the 
i^em and conversely that diose surviving would also have sur^ved 
Slater doses. An accumulated value for the animds affected is detained 
by adding the nunfocar dying at a cettain dilution to die number killed 
% lesser doses; a sinrybr ad^don, but in the reverse direcdtWi is made 
fw die survivors (see mn^). * . 

Ilie aeomudi^ vahms of the two oitied ddudtim between vdiidi 
dm 50 pot oent emi-pmut Ues are novr subsdtuted in dm Itaifoib 
dm Xdilwm'tdmiined. ' . 
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In tiiese calnolatioxtt it is assumed that the dases laed «» 

equally placed on the logarithmic scale, diat the SO per cent nod-pmnt 
fans somewhere in the middle of the range of dihiticms used ^ tibt the 
same number of aninids was used for each dilution. 


Emmfie: 


Virus 

dilution 

Mortality 

Ratio 

Died 

Survived 

Accumulated Values 

Died 

(D) 

Survived 

(S) 

Mortality 

Ratio 

. 8 

% 

1 ’ 
l§ 

< 

+ 

9, 

la-i 

10/10 


f 10 

0 

■ 

31 


KEB9H 

100 

10-* 

■Mm 


10 

0 

■ 

21 



100 

io-*» 

8/10 


8 

2 

■ 

11 


IHISEH 

85 

10-* 

3/10 


3 

7 

■ 

3 



25 

10-^ 

0/10 


0 


1 

0 


0/19 


Lj 


The arrows indicate the direction of addition for the accumulated 
values. 

In this titration the 50 per cent, end-point is seen to lie betweo) 
10~* and 10~*. It will be located at the proportionate distance from 
10-». 


Proportionate 

distance 


mortality above 50 per cent.— 50 

mortality above 50 per cent, —mortality below 50 per c«it. 


85-50 

85-25 


35 

*60 


=0-58 


Negative logarithm of == Negative logarithm of + Proportionate 
LD50 titre dilution above 50 per distance 

cent, mortality 

=3-0+0-58 

LD50=10-*“ 


Karber'a metihod for estimation of LD50 
An alternative and slif^tly simpler metiiod is that of KSrber (1931): 
log. LD50a>0'5-flo^. of greatest- Sum of percentage of dead anhnab 
titre virus concentre- 100 

tion used 
For the above example: 

I T T\e/\ A e / 1 100+100+854*25 

log. LD50 tttre«0*5+(--l*0) — jqq 

3k 
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Litdifiiel4 and Wilcflntm** iiie&od fto of 11^ 

This method {1949) is s rapid graphic procedure for estixhatihg the 
median effective dose (BBSO, LD50, etc.) and th|i slope of the dose-per 
cent, effect curve. It gives confidence limits of both these parameters 
for 19/20 probability. It is highly recommended. The original paper 
should be consulted for detailed instructions. 

For guidance in dioosing methods of estimating the LD50 in 
quanta! response data, the reader is referred to the paper by Armitage 
and AUen (1950). 

Toxin-Aittitoxin Assay f 

The unit of diphtheria antitoxin was originally defined as that 
anmunt of antitoxin (or antitoxic serum) that just netdxalises 100 MLD 
of a certain di^hdieria toxin. The MLD was definea as the minimum 
amount of toxin that kills a guinea-pig of 250 grams weight in 4 days. 
It is not feasible, however, to preserve a standard toxin for testing 
antitoxin, but by means of a preserved standard antitoxin any toxin 
preparation can be standardised by neutralisation tests in guinea-pigs, 
and the value of a new antitoxin can then be estimated. The usual 
method is to ascertain first the “Z.+” dors of the toxin; this is the 
quantity of dqththeria toxin that, when mixed with 1 unit of standard 
antitoxin, is just sufficient to kill a 250-gram guinea-pig within 4 days. 
Varying dilutions of the new antitoxin are ffien mix^ with the L+ 
dose and injected into guinea-pigs. In this way the neutralisii^ power 
of the new antitoxin can be compared quantitatively with the standard 
and the number of units in a given volume stated. Antitoxin may also 
be titrated by the neutralisation of the reaction following the intra- 
cutaneous injection of mixtures of toxin and antitoxin in the guinea-pig 
or rabbit, using an “Lr" dose of toxin. This is the amount of toxin 
that, when injected intradermally along with 1 unit of antitoxin, causes 
a localised erythona 5 mm. in dutmeter within 36 hems. The amount 
of the unknown antitoxin producing the equivalrat result When injected 
with the same dose of toxin will contain 1 unit of antitoxin. In practice 
severd dun tests may be done simultaneously cm one animal and, in 
order to avoid injecting a lethal dose of toxin, these neutraliaation tests 
may be performed with ffikttioiM equivalott to specified fractions of 
units provided that the test dose of toxin injected is nctf diluted beyond 
its active titre). 

It wiU be evident frmn the above example that in toxin-antito^ 
testily, some effect sudi as death within a steted time, tx production 
of a stated area of erythema or necrosis, is the i^edfied response or 
standard uu&Mting s^ect. Antiserum is routihdy cdffinded by deter- 
mining die dihitioo ffiat, when mixed with a fixed amount of the 
particular toxin (the terr dou), just sibws it to produce the standard 




dffuted in ffie presetme of a test dose of toxin; ^ effw* of 'iffikh 

ctnnto demonstzabfe at the end-point of dm dtration. Tlte~ 

the test anfiserum contmned in ^ end-point diluthm hi then regarded 
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as ^tnysfeiii: in tbe nundier of units to the amount of a ftandtod ami** 
toxia that allows the same standard inditing ^bct when wiibt 
a teat dose (tf toxin in a parallel titration. 

The test d^ of tom is determine by adding a omistant vohime 
of tte antii^n, containing x unite, to graded doses of the 

toxin. The mixture that subsequently produces the stendard tndicadeyr 
efect contains the test dose at the x-iinite level of testing. It 
mt tl»t the proposed level of testing, ».e. ^ number of unite contained 
in the fixed amount of standard antitoxin used, should be sudh that the 
appropmte test dose of toxin is indeed capable of producing the stand'* 
ard indicating effect. A simple control titration of toxin ^u>uld always 
be included to demonstrate this. 

The Zo dost of a toxin is the amount of toxin that is just neutralised 
by 1 unit of antitoxin. This is technically difficult to measure exactly 
and titrations ate generally b^ed iiatead on the L+ dose, i.e. the 
amount of toxin that, uhen mixed with 1 unit of antitoxin, produces 
the standard indicatii^ ^ect. 

Danysx phenomenon , — ^Antibody and antigen combine in difiterent 
proportions according to the amount of each in a mixture. The 
of a relatively small amount of toxin to a large amount of antitoxin 
results in the combination of many more antitoxin molecules par 
molecule of toxin than would occur if more toxm had been available in 
the initial mixture. Thus, if an amount of toxin and a tniwimum 
amount of antitoxin are chosen, such that they would give a non-toxic 
mixture if they were mixed together all at once, and if ffie toxin is split 
into several portions and these are added to the anti-toxin one a^ 
the other, the final mixture will be found to be toxic. The ini^ 
combination of relatively large numbers 6( antitoxin molecules with 
relatively few toxin molecules leaves insufficient free antitoxin for the 
prompt iteutralisation of the fractions of tmdn subsequently added. 

The final mixture ffierefore remains toxic, at least until a spontaneoua 
rearrangonent takes place in the confoining ratio od the antibody and 
antigen molecules. For this reason, uhen mixtures of antitmein aod 
toxin ure made in neutralisation expeiimente, antitoxin is addedofO . 
toxm and not OKe oerta. 

In-vitro Toxin and antitoxin may be assayed by inuvxteu 

methods if an indicating eStet of the toxin, teidi as faaonolyf^, can tie 
apedfically neutralised by the homolc^fous antitoxin. coodituos 
under whidi auch teste am peifmmed miqr be critical and it te hnporteivt 
to define them whoa tqiorang results. For example, the ledt^aiso 
(alpha tcudit) of ChetriUBtsm webM may be usayM in totma of, ita 
haemdytie activity. In this case, the ^iectes of cdl atnd Itm ooiBr 
position of tlto cUlueitt geeady influence die remit (ff the te^ 

Of^smi ihvpertumt nspred^itatim orfioeadatkm re»i6m,-**Vmsti ly 
^serieaiff ntixtiuw of antigen arid andbody la set up in tuhaavMk 
®®Mtant amount of tntiaerum and mexeasing amounte of aodg^ 
precipitatioa ond fboeuladon occur tnoat nmiw and nmat towk edt y x 
in file tube in vrludi antibody and antigen occur in 5 

(uean fo 1^!%). The ratio ia omatant for all dwmsia el ft 
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given antuenim and and ustudfy all of die ant^ea is pte^. 

tatedatdiispdnt. Hie antibody content of different sera may ^erefbre 
be compared by ascertainii^ tbe amounts required to i»odace most 
rapid and complete flocoilation widi a given amigen. 

Tlius antitoxin may be assayed m t^ro by the Ramon flocculation 
method based on the rapid predpitaticni obtained vrfaen optimal pro- 
portions of toxin and antitoxin are mixed. The Lfdou of toxin is first 
determined as the amount of toxin that flocculates most quiddy with 
1 unit of antitoxin. The unknown antitoxin is then tested to find the 
dilution that flocculates most rapidly with 1 Lf doM of toxin. This 
dilution will contain 1 Lf unit of antitoxin. I 

Avidity of antiserum . — In addition to the actual content of antitoxin 
in an antiserum, the combining powor of the antitoxm in terms of rate 
and firmness of combination with toxin, i.e. its avMty, s^piificantly 
influences its effective neutralising power. The antitoxin in an avid 
serum combines quickly and firmly with toxin. The protective effect 
of an antiserum, as judged by animal experiments, may not always 
exactly parallel estimates of its potency based upon in-vitro experiments. 
One explanation for this is that slight differences may exist in a group 
of components that normally act as a single antibody complex but may 
consequently participate to different degrees in various in-vitro reactions. 
It is also clear that in-vitro procedures may not give a true estimate of 
the rdative therapeutic values of two antisera containing equal amounts 
of antitoxin if one serum is much more avid than the other. 

The Evaluation of a Protective Antigen 

Mouse protection test . — ^In the evaluation of immunising agents it is 
usual to give groups of animals graded doses of the test preparation and 
to give similar groups the same doses of a standard preparation, .^er a 
suitable period the animals in the two series are then challenged witii, for 
example, a normally letiial dose {e.g. 100 LD50) of the bacteria or toxin 
against which thqr were presumably protected. The nze of the 
challmge dose should be adjusted so tint it is likely to produce a signi- 
ficant mortality but it must not be so great that there are no survivors 
in either of the aeries. The percentage of survivors in each group is 
subsequently recorded and tim logarithms of the denes of the test and 
standard prqiarations associated Iritii 50 per cent survival are esti- 
mated. The difference between tiiese is the log. potency ratio, and the 
antilc^iatithm of this fi|^e gives the ac^wd potenqr ratio of the two 
preparations in terms ^ the amounts tiiat produced 50 per cart pro- 
tection (PD50) against the challenge dose. 

In assessing the protective vi^e of vaocmes for human use, con- 
trolled fidd and hdxtratory Mudies should be dom. Hie pdncqdes are 
discuned in Chapter 43 {p. 593). 
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CHAPTER 53 

ANTIMICROBIAL AGENTS 


Substances that are used against microorganisms may be described as 
0id if they Ull cells quiddy, or static if their effect is pred(^aunantly one of 
inhibiting growth. Most substances that are static, however, are ddal if 
their concentration is raised, or if the exposure is sufficiently probn^. 
Disii^ectaitts are substances tlut are strongly bactericidal in the concentrations 
usually used and sometimes they also i^tro]^ bacterial sporM. Th^ are 
gener^usedtoeradicatemicroorganismsfrominanimatemateriaL Antise^tks 
are less initmt substances that destroy or inhibit the grown of microorganisms 
and that may be applied locally against pathogenic orasnisms growing in 
living tissues. They are in most cases, however, general ]^toplasmic poisons 
and therefore tend to be toxic to tissues as well as tp bactxrid cells. Clearly 
the difference between disinfectants and antiseptics is one of degree only, and 
some disinfectants may be used as antiseptics. The teims germicide and 
bactericide are used to describe both disinfectants and antiseptics. 

ArOimarMal dnms are chemotherapeutic substances that destroy or 
inhibit ffie growth of microorganisms in living tissue. They usually differ 
from antiseptics and disinfectants in possesting a high therapeutic indent, i.e. 
they are much more toxic to microbes than to tissues, and ffiey have a more 
selective range of antimicrobial action. They may be nven parenterally or 
orally against deep-seated or systemic infections. Antwiotfcs are substances 
produced by some liidng orntnisms that kill or inhibit the growth of other 
nr onniama and Some are sufficiently non-toxic to be used as antimicrobial 
drugs. 

DISINFECTANTS AND ANTISEPnCS 

A great variety of compounds can act as disinfectants and antiseptics. 
Those most commonly used include the following: adds and cdhedis', metallic 
salts— *.g. mercuric salts; organic metallic compounds— e.g. mertfaiolate; 
ludogem—e.p ddorine and iodim; alcohob, ethers and aldehydes— e,g. ethanol 
and formal^yde; phemds—e.g. phmol and cresols; oxi£dng and reducing 
e^ettts—e,g. hjqrochlorites, hycht^en peroxide and jsulphurous add; organic 
dyes—e.g. brilliant green, crystal violet and proflavine; soaps and synthetic 
ddergeHts—e.g. quartemary ammoiuum salts. These substances are umially 
piotofflasmic poisons and act relatively non-spedfically on btarteria 
(witii the exceptiod of the organic dyes, vdiith are more sderave and are 
used in connection with selective methc^ of cultivation). They wiH also 
MU mammalisn ce& such ss ph^Kytes, (^ten at concentrations lower than 
those required to kill bacteria. The non-q>ed& action of these substances 
is due to tiuir activity in destroying or doMtur^ compounds or rtructurn 
nnmMnftn to all Uvii^ organisms, '^us mercuric stto read witih.the -SH 
groups of proteins, tendering them biologbdly inactive, while phends, soaps 
and deter^ts prdtdfly ad by destroyii^ the semi-permeable piauna 
membrane at the surtime of all . 

A yariety of fadors will affed tlm activity of a djnnfedant oar amttseptic 

thf^ diould be borne in ound during use. The moat impoartnd are: 

(1) Qmceitiraiiim.—T!^ htjg^ the cooteatraticm <rf the g^atiud^ 
giester vriB be the rde of killmg. Tins is pattieulaity important ^ 
pheodki group of compounds, wl^ activity falls offvetviiy»^vi^'dilution* 

(2) Jam? and ten^atm,— In gmieral, gertnicidsi activity is incrcaaeo 
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with time and a sufficient exposure is imperative for effioeut 
An increase of temperature wffi also raise w rate of killim. 

(3) Organic wafter.— Most germicides are reduced in activitjr by the 
presence of organic matter and particularly by the presence of proteins sadb 
as diose in body fluids. 

(4) Number of orgamms*-^Tht larger ffie number of oigatusms, the 
greater will be the time required for disinfection. 

(5) The presence Spores are exceptionally resistant to the great 

majority of disinfectants. 


Testing of Disinfectants 

A simple way to test the effect of a particular antiseptic is to incorporate 
a series of different concentrations of the antiseptic in 10 ml. amounts of 
nutrient agar, pour the medium in plates and then make a stroke inoculation 
from a bacterial suspension. This should be prepared in sterile distilled 
water from a young culture on solid medium and should show just a faint 
turbidity to the naked eye. Different organisms can be tested at the same 
time by making stroke inoculations on each of the various plates. The plates 
are incubated for 48 hr., when observations Can be made. 

Instead of solid medium, tubes of broth or serum (sterile ox serum 
previously heated at 56*^ C.) may be substituted. To a series of such tubes 
varying concentrations of the antiseptic are added and then each is inoculated 
with a standard amount of bacterial suspension. The effect is observed ^r 
incubation at 37® C. for 48 hr., the presence or absence of living organisim 
teing decided by subculturing; one stroke is made from a loopfiil of ea<^ 
mixture. In this way one agar plate will serve for subcultures from a Scries 
of tubes. 

In the case of slowly acting bactericidal substances, such as the flavme 
and other antiseptic dyes, it is often found that concentrations tiiat have 
entirely inhibited growth, as shown by the absence of turbidity in ffie relevant 
fluid cultures, still contain a few living organisms which may be revealed by 
subculture from the fluid cultures on to solid media. The lowest con<^tra* 
tion of antiseptic that produces this result (inlubitory concentration) yiddE a 
satisfactory index of the bacteriostatic potency. 

The ^dency of disinfectants is most frequently assessed by measuring 
the rate of kffi against a selected range of oiganisms under specffied dsQtsfh 
stances. The majority of methods emjrfoy ^enol as a standard refemnpe is6 
that a phenol coiffidetU is frequently quoted for disinfectants. It may be 
said to express the bacteriddal power of a particular substance eth con^mw 
with pure phenol. The prindpal techniques are the Rideal-Walker, 

Martm ana Unit^ States (FDA) test - - , ^ 

chief application is in comparing disinfectants composed of cori-% 
derivatives Vrhicn arc water-wfluble water-misdble. Thnij ere of no INI 
in the rdative merits of different classes of compounds^^. colI4m 

in comptmn witili quaternary ammonium compounds. 


Bfateal-Wnlker Teet^ 

Materieie tefukedi 

(1) Standanl loop of 28 SWO wire, 4 mnt internal diatneteti bent 

■neodaiMMitadl^ Mki 1951; oWlMbl* ftan 
tendon, IW.l 




MB01CAL MICBOBZOtOOY 


888 

almost at a aiiigle to the we^ so in the subsequent ixianqpitlaliom 
the plane of md loop is horiaontal. 

(2) Ctilture of S. typku It is of the utmost importance to use a standard 
cnilture.^ 

Subcniltures should be made in the standard broth at 24 hr« intervals, 
three times before the test is carried out, and a 24 hr. broth culture used for 
the test proper. 


Method of Testing: 

(1) Determine beforehand the inhibition concentration of the particular 
germicide for the standard strain of S. typhi and make up a series of five 
graded concentrations in distilled water, the lowest be^ng slightly greater 
than the inhibition concentration. 

(2) Make up 100 ml. of a 5 per cent, stock solution ojlthe pure phenol in 
stenle distilled water, and from it prepare the following cmutions of phenol: 

1 in 95,1 in 100, 1 in 105, 1 in 110 and 1 in 115. 

(3) To 5 ml, (in stoppered sterile test-tubes) of each of the solutions 
prepared from the germicide to be tested, add with a sterne pipette 0*2 ml. 
of &e 24 hr. broth culture of S. typhi and shake the mixtures. The tubes 
containing the solutions should be kept during the test in a water-bath at 
18** C. 

(4) At intervals of 2\ min. up to 10 min. remove a large loopful from 
each mixture, using the standard wire loop and transfer to tubes of 5 ml. 
standard broth. ']i^e bacterial suspension in (3) should be added to the 
tubes of antiseptic in succession at definite intervals, e.g. 3Q sec. The loop- 
transfers to broth from each tube, after 2|, 5, 7^ and 10 min. respectively, can 
then be accurately timed. 

(5) and (6) Carry out with the phenol solutions the same procedure as in 

(3) and (4). 

(7) Incubate the broth tubes for 48 hr. and note those in which growth 
has occurred. 

(8) The coefSdent is calculated by dividing the figures indicating the 
degm of dilution of the disinfectant that shows life in and 5 min., but 
no life thereafter, by that figure indicating the degree of dilution of phenol 
that shows life in and 5 min. but no life thereafter. 

The Rideal-Walker test compares the action of the antiseptic wi^ that 
of phenol on 5. typhi in distilled water only and does not necessarily give any 
in^cation of the disinfecting action under practical conditions where much 
organic matter is usually present. Accordingly, the Chick-Martin test h^ 
been advocated in which the disinfectant is test^ in the presence of orgwc 
materid, which is the quantity of solid matter present when heat-stenlised 
liquid faeces containing 10 per cent, of solids is mixed with twice its voliune 
of disinfectant. The use of faeces in this test is open to several objections, 
and Garrod has devised a modification of the Chick-Martin test with yeast 
instead of faeces.^ The yeast is made up in suspension in disced water 
equivdent to 5 per cent, of dry yeast, and for th^ test 48 ml. is add^ to 

2 ml. of tiie S. typU broth culture. 2*5 ml. of this mixture is added to 
2*5 ml. of separate parallel dilutions, varying by 10 per cent, of the disin- 

and of phed^ After 30 min., samples are tafcem exsurtiy as in the 


^ Obtsiiied from The Nadonsl Collection of Type Cultures, Central Ifeslth 
eSsome&ift Colietd^ Aveme, Lattdm, NJW*9; me ptupose for which the cuitiirs 


»uld be stated. 




Sipedficarion, No. 808, 1938; see footnotes, p. 
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■'^* phenol coeffident is cdculated by 
higfaeitt conceatra^ of Ph«Md penaittinggi»«^a3S^^ 
c(««Mttat.^prod««i^ ,dth the corteapSgg tneaTeXS 

Acre was no ^owth with 2-0 per cent {dienol, 
but growth TOth 1-8 per cent, the mean is 1*9. Sindlarfr, wodow^k 
^ with 0-457 per cent, but growth with 0411 SJt trfSe 

dismfectant the mean is 0434. The result is «« T *i rtrt4 in the ' ” — 
form: 


^enol coefficient: 


1-9 

(R34’ 


=4-4. 


The following results illustrate the test; 


Dilute 

Tms in Mmute$ 

2 * 

5 

71 

10 

Unknown ^ 
Germidde' 

( 1:400 . 

I : 500 . 

1 :600 . 

1 : 700 . 

U:800 . 

1 1 -H- + 

+ + 1 I 1 

1111 + 

1111 + 


fl : 95 . 

+ 

— 




1 ; 100 . 

+ 

+ 



Phenol 

1 ; 105 . 

-f 

+ 

-f 



1 : no . 

+ 

4 * 

+ 



U : ns . 

+ 

+ 

+ 



(•+ growth, — =no growth) 
700 

Phenol coeffident =3: es 7*0. 


The n^idfy expanding use of disinfectams and antisqitics for rmoving 
microoi^anisms from surfaces has focussed attention on tests which show 
the antimicrobial agent to act upon the microorganism on the sutfoces 
objects. Recent techniques uti^ glass cylindm (Mailman and Httoes, 
1945) and squares of test material such as steel, linoleum or tile (Stednum, 
Kravitz and Bdl, 1954) and the original pqiers should be ^ 

details. . , . 


ANTIMICROBIAL DRUGS 

Antimicrobial drugs must have a selective action a gaiom: mforooiganisoys 
as compared with mmnmalian tissues, i.e. they must possess a high theok* 
peutic index. This specificity may depend upon the target mechaniap^ h<fi«tg 
pecidiar to the microbe, or Ming more accesnble, or more immedistdl]r^u 
to the mitaobc than to the mammalian tissue. The basis for such aetitity is 
probably often the specific inhibition of particular enzymes, > 

The mode Of actfam of fibe su^honamides — 

The sulidmnamide aeries of dn^ are aH based tqxfo ffie,i»aiseuiifof 
Wlj^haidlaptide, usui% with vatitRis csgank grdjpiti|i aubitii^^ 
'SONH, 0tol^kia^ llhe first clue fo thcar mode cd 
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fiadiag tiuit natural extnwta yeaat extract) woidd reverse tlie iith9»tory 
effect of the s ulphonamide a on bactoial mvm; ffte substance leqxn^le 
for this action ^yed to be p-aminobenzcw add (PAB^. 

Na^ 30, NM. 

Sulphanilamide ^-tmitiobenzoic acid 

PABA was found to be a growth factor for many microorganisms, whilst 
a conjugated form related to folic add was of universal occurrence in living 
organisms, being concerned as a coenzyme in certain enzyme systems essential 
for growth. S^phanilamide was shown to inhibit an /enzyme concerned 
in the transformation of PABA to this coenzyme form, rThe inhibition was 
of the competitive type, PABA and the sulphonamidel competing for die 
active site on the surface of the enzyme. This is because of the& similar 
structure and therefore the ability of both to **fit** into the ^mzyme surface. 
It should be noted that the inUbitory effect on bacterial ^owffi is observed 
only when the ratio sulphonamide/PABA in the enviio^ent exceeds a 
certain value, irrespective of the absolute concentration of the two substances. 
Thus the inhibitory effect of the sulphonamides carried over from body 
fluids to culture media may be reversed by the addition of PABA (see p. 747). 

Competitive inhibition of this kind may be the mechanism of action of 
many other antimicrobial drugs. 

Antibiotics^ ^ 

Most antimicrobial drugs used today are antibiotics. These substances 
are produced mainly by microorganisms living in the soil where they may 
play a part in overcoming competing spedes in thdr natural habitat. The 
most important antibiotic-forming group of micioorgamsms are the Actino- 
mycetes, although some fungi and aerobic spore-forming badlli are also 
active. Although most antibiotics are too toxic to the host tissues to be used 
as antimicrobial drugs, or are rapidly inactivated in the animal body^ a laige 
number of therapeutically useful agents have been isolated and manufacture 
recently. Those most commonly used indude the following (the name of the 
antibiotic-produdng organism is given in brackets): penicmin (PemcSBim 
n0tatMm or P. chrysogemm}; ampicuiin, methidllin and oxadllin (prepared by 
modification of the side chain of tiie penicillin molecule); streptomycin 
(Str^ptatf^ces griseus); chlortetracydine {StrepUm^ees aureofadms); oxyt^a- 
cydine {Streptomyus rimm)\ tetracycfine (prepared from chlortetracydine); 
deiwtiQrlddortetra< 7 cl^ (mutant of Stf^to^ce$ aur 0 ofaciem)\ moram* 
pimmod {Strept&fi^ces 09ythms)] 

neomydn {Strep^jmm polymyxin or aerosporia (Bmmi poly- 

siyM}; bac^adn 0ac3m nMu); c^doserine (Str^Umiym ostMimm)) 
kanamydfi {Stfeptm^ces kanamyceikui) and cobmydn {BacHbn 

Many antibiatics will inhibit the growth of a ume range bacteng w 
these are usually called broad spo^nm mtMdkSf e«g. the tetraoydiiies { ot^rs 
have a imm restricted antibacterial iqiectnun, s.g. penidllin is ac^ ag^ 
Oimi-pcMutive bacteria, nessseriae and spirocha^, whereas streptomycin is 
most active against Gram-negative ana add-fast bacteria. The doomed 
nature of these antibiotics is very varied axuTlhis variety is reflected in thdr 
mode cf action. One eff tim most characteristic struemres in 
0 ^ wafl, whseb is quite different from those of hii^er orgsnig^. It n 

s ForfinliidgeiieiddctsIboasiitibJocksicaajBI^ 1* 
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prabable many antibiotics owe their specifidty to an inhibition of 
bacterial cell^wall synthesis (e^g. peniallm and bacitmm)* Although chictf* 
ami^ienicol is active by inhibitma protdn synthesis, w idtial site of its 
action has not yet been (hi^rmined 


Drug Reststance in Bactorin 

In species that are normaliy suscej^le to a particular drug, some strains 
or variants may occur that are specifically resistant to it Ine choice n 
drug to be used for treatment may therefore have to be based not only on a 
species identification of the causd organism isolated from the patient 
also on the results of in-vitro sensitivity tests made with this particular stra^ 
The likelihood of encountering resistant strains, and thus tli^ importance of 
sensitivity testing, varies in the different bacterial species. For example, it 
may be assumed for practical purposes that strains of Str^pt py^eim^ 
pneumococcus or meningococcus will be sensitive to peniciliin, tot that 
strains of Staph, aureus will include many that are resistant to this antibiotic. 

Drug resistant infections originate in two distinct wayi of very different 
epidemiological significance. (1) Drug resistant variants due to genetic tmUch 
Hon (p. 96) may occur in a sensitive strain in a patient undergoing treatment 
After a favourable initial response to the drug, associated with destruction of 
the senritive parent-type organisms, the iiffection relapses as a result of 
proliferation of the drug-resistant mutants. Variation of this kind is par- 
ticularly liable to occur during treatment with streptomycin, e,g, in ito 
tubercle bacillus and many kinck of Gram-negative bacilli. Tubeide badOi 
are also liable to mutations conferring resistance to isoniazid and p-amino- 
salicyltc add. However, it is found ttot shmdtaneom treatment witii two of 
these drugs generally prevents the emergence of resistant variants. App^ 
ently this is due to the almost negligible chance of a given cell umtogotng 
simultaneously the two mutations required to confer the two kin& ^ 
resistance. This is '‘double-drug’’ ther^y. 

(2) InfedSan may occur loitk an already resistant strain derived from an 
exogenous source. Some bacterial spedes rarely or never undergo resbtom 
mutation to a particular drug in patients receiving treatment, yet indude 
many naturally resistant strains that arc disseminated thrcnighout the, host 
community. Thus the St^* aureus strains found in patients ^ l^lhy 
carriers indude a proportion that are natorally resistant to pcnidlHn by vu^ 
of their capadty wt produdng pcnidllinase, an enzyme that destroys ipeni- 
cillin. Strains reristant to a given drug occur most firequenriy m 
where the drug is widdy used, e,g, in hospitals, since thdr surv^ a^ 
is sdectivdyfirvourech PatieiUs undeigoing drug Ueatment in 
thus very Imble to suiSEd cross-infection with a ‘ hospital 
resistant to a multiplicity of drugs and in so^ may be 

frorn fbMuemiwssi^^m The skm and nost^ of J^wtal 

staff are subieci to nemient contamination with traces of spilt anucac^^ 
and this may result m s hi®h proportion oi hcal&y carriers harbouring 
drug-]!edBtant;''Sltidiayi. 


tBB BACMMA TO 


aesayi die pimctyles of whh!h om dmiuu m iwi»* 
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A gradient of the antibiotic u prepared in a mediuin fully 

adequate to support the growA of llie t^ organism, wldch is adited xaa- 
formly to the mixture. FoUowing incubation, pnwth occurs in tl» medium 
in OTnfrntratinna of antibiotic below the inhibitory level and ce^ where 
this level is readied, Aus allowing assessment of the susceptibiUty of the 
microorganism. 


REAGENTS 

ANTI BIOTIC 


RESULT 


NO VIABLE 
ORGANISMS 


( VISIRLE 
GROWTH 

0 VISIBLE 
GROWTH 


MEDIUM 


MICRO-ORGANISMS 


BACTERICIDAL 

CONCENTRATION 


B ACTE RIO STAT 
CONCENTRATIOI 


Fig. 68. 

Principles of antibiotic sensitivity tests and microbiological assays. (Gould, J. C. 
(1960). Brit, med. Bull, 16, 29). 

! 

Specific antimicrobial therapy may be instimted if the sipedes of infecting 
microorganism is one whose drug-resistant variants are known not to assize 
Mmi-ml importance, and to this end a working knowledge of the Mtimcrobial 
spectra of each of the antimicrobial drugs in general use is of advmtage. 
Tlius a number of important pathogens have “fixed” antibiograms, t.e. are 
invariably sensitive or resistant to certain antibiotics, and treatment may 
proceed on the basis of bacteriological diagnosis and climcal judgment 
without recourse to m vitro sensitivity tests. Such orgmsms Me: 

Streptococcus pyogenes — sensitive to penidllin, erytiiromycm and ciuor- 
amphenicol and resistant to streptomycin. . . . , u 

iVw«»K>c<>c«tf---8ensitive to penicillin, erythromyan and chloramphemcoi, 

renstant to streptomydn. , 

HamophOm influenzae— aeasidvo to streptomycin, chloramphenicol ana 

8pp.— sensitive to ampidllin and chlo^phenicol. 

However, it must be emphaased that strains within nmy other ^)e<^o 
bacteria are not alike in thdr antibiotic susceptibiUty so that the only rAable 
guide to die therapeutic use of antimiorobial a«nto » an « vitro 
^ coupled to dinical experience. In most mfsctions tjie sensiti^ 
causative otganism should be determined before specific theraw hw 
and if a spelmen is available the most ^ informatton 
logicd di^nosis and antibiotic susceptibility c^ usu^y l» 

Mhr. T& requires speed in the prdimipary bactenotojpcal mvestigatioi^ 

«nd iitibiotic sensitivity tests must be connJi^M prt 

TUiBiainn teste on solid media have been admitea 


tests on ^d me^ We b^^ 
by laboratories to cope with the deaWd for a sunple, expeditious an 

Digtuim Tesitir-la. tiwse the antimicrobial ag^ » hdd in a 
fiomwfa^it difiEuses through inedium tolaiffi 



ANTIBIOTIC SENSITIVITY TESTS 


893 


whiiididb«miat»orgaiusnw,groviHbginotonthea^,am^ Diffamii 
of tibe aatixmcrobid agent takes place contiimotmy from me resmoir 
wards through the surrounding a^ so that the conc^tration gra(h^ is 
continuously changing. Zones of inhibition of growth are formed when the 
organism is susceptible, and these are frequently complex showing ^e effect 
of different concentrations on the microorganisms during growth (Fig. 69). 


J ^ 



(a) Zone of complete inhibition. (i>) Zone of delayed growth. 

(c) Zone of lysis. (d) Zone of stimulated growth. 

(e) Zone of normal growth. 

Petri dish in section showing in diagrammatic form the theoreti^l concentration 
gradient of antibiotic after dif&ion from the disk. Also diagrammatically represented 
are the various zones of inhibition and growth that may occur. (Gould and Bowie, 

1952 .) 

The size of these zones depends upon factors that influence the diffusion 
of the antimicrobial agent, such as pH, depth, hydration and concentration 
of the agar, and nutrients and other substances in the gel, as well as the rate 
of growth of the organism. However, since the rate of growth of the majority 
of the pathogens encountered in the dinical laboratory is similar, and the 
experimental conditions can be standardised, diffusion tests can give results 
of a high standard of reproducibility as well as a reasonable degree of accuracy. 
Replicate tests are easily set up and a number of antimicrobial agents can be 
tested on a single plate. 

The reservoir may be a hole or gutter cut out of the medium filled 
with antimicrobial agent in solution or mixed with agar. Alternatively, the 
antimicrobial agent may be placed in a cylinder of glass, porcelain or steel rest- 
ing on the surface of the medium, or in absorbent paper itisks. 


Agar Strip Diffusion Test for Sensitivity to Antibiotics 

A simple technique originally used by Fleming is as follows. A stnp of 
agar about J in. wide is cut from the centre of a plate of smtabie culture 
medium (nutrient or blood agar) and discarded. An appi^iiate ani^nl of 
antimicmbial agent (aulphomunido 200 ftg. per ml; peniollin 5-10 mm 
per ml; streptomycin 100 per ml; teteacy^e 50 ap per mLj 
chiotampheniced 50 fig per mh) is added to 5 mL of ihotem agar 
pip^tedmto the gutter mtibeniemu^ Tlte surface trftiie agar is 
by stitiWog locmfols of cidtures te be te^ at 

it is dai^£lb to conteol the test by indudifig a known seniutive snorewi^ 
itrafoiL ^ ^ 

Duiing growth is iiffdWted for a distance varying ^ 
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senaitivily of the stzaan to the 8Btiiniadl»|al agent undnr ctaHifautioo. . The 
size of the ioocnhua is r^stiv^ unimportant m testing the «usoc^ti3»Uity 
of moat apeciea to the antibiotic agoats tiurngh geseraUjr ^)ealdDg w larger 
the inocmu^ tite mon imatart^^ti^^organiam q>pea^ 11» ajqttrent 

to pe^cilHn is related to the of ^ inwulnm. ’^ith the su4>^omamdes 
the size of the inoculum may have a marked effect and must merefore ^ 
carefully controlled. 

Alternatively, culture plates may be inoculated first vrith control and test 
organisms and stri|» of mter paper or blotting-paper, about 3 in. long and 
i in. broad, soaked in the solutions of the antimicrobisd agents are laid on the 
surface of ^e medium at right angles to the inoculation streaks. 


A|^ Medium fiur Tests of Sensitivity to Sulphonamides 

Tests for senmtivity to sulphonamides may be imsans&ctory because of 
the presence of sulphonamide antagonisers such as p-aminobenzoic add in the 
metuum. The use of lysed horse blood overcomes this difficulty (Harper 
and Cawston, 1945). 

The following medium is usdul in carrying out diffusion sendtivity tests 
with sulphonanudes: 


Peptone (Evans) . . 20 g. 

Soffium chloride . . 2*5 g. 

Sodium glycerophosphate 2*0 g. 

Agar powder (Davis) . 10 g. 

Water .... 1000 mL 


Dissolve the ingredients in water and add 11 ml. of sodium carbonate per 
litre. Adjust the pH to 7*2-7*4, bottle in 100 or 500 mL amounts and steam 
for 40 min., tnr autodave at 121** C. for 20 min. Before use, melt the 
medium and add 6 per cent, of oxalated horse blood which has been freshly 
lysed vtith saponin (2 ml. of a 10 per cent, saponin solution per 100 mL of 
blood). Mix thorougfily, pour plates and stwe in tiie re&gerator for at 
least 12 hr. before use to allow complete neutralisation of the antigoniser. 


DIFFUSION TESTS WITH FILTBR<*PAFER D18SS 
FOR DETERMINING SENSmvm TO ANTIBIOTICS 


This omstitutes a simple and rdidale technique specially am^^t^lc ^ 
routine bKteric^igkal woih. It condsts in inmt^iunng mm didts of a 
stimdatd filta: paper with given amounts of an antibtatic, pladng them on 

of culture naedium inoculated witii tiie argnum to be msfod and, afta 

iimut»t«m, detenntnmg the d^iree of sensitm^ by meaauitiig the e^ 
vidble arm <ff sabOdtion of growth pro&iced by the di ffi i wan m tmffinotic 
from tiie diaka into the sunomtdmg medffiim (GouM and. ftiwie, 1952). 

Theae ffiaka «« 6*25 nun, in dumaeter inindied from No. 1 Whatman 
fihm papor and stes^sed hf ^ heat at .140* C for. one hr. m bafobes « 
100inacrewH:^qwd bottles. Theiuqi^tedaiitabiolfosoiutimkiareprep*^ 
mtsntitafhndy in mmik distSkd watmr from the pnqMUcati^ Sssued ^ 
mempmttic ose} 1-mL oltho aofaitkm ia added to eadli bocde cl 100 
and as foe whtde <rf ih» wd»a«m fr shaotbed, it can be aae t aned that each oi» 



DISK OtPFirStON TEST 

contuns 0*01 nJ. The solutions are dioitifere liiade lip to 

that I ^ contains 100 tunes the required amount of antibiol^ {mde 
When laim h^bers of dnks are being used it is oonvenient to bow in 
batchy of 200 or 500, the appropriate amount of antibiotic solution beittt 

added. 

Tte disks are used in the wet condition. They can be stored at 4° C, 
and "Will retain their moisture and potency for at least three months in screws 
capp^ b^ea ^e cajw being carefully screwed down so that the bottles 
are air-ti^t). The disks are placed on culture medium with sterile fine- 
pointed forceps. 

Stanc^d graphs for ^ch antibiotic are prepared by testing (fiaks contain- 
ing varying amounts with a standard organism of known sensitivity, ejf. 
Stoph. aureus, Oxford “H” strain, NCTC 6571. The organism is grown 
for 18 hr. in broth and diluted to approximately 100 million bacterial cdla 
per ml. by comparison unth opacity standards (p. 871). Agar or blood-agar 
plates are inoculated uniformly from this broth culture (a sterile capillary 
pipette being used) by flooding the surfaces and then removing the excess. 
The open plates are then allowed to dry in the inverted portion hi an in- 
cubator for 30 min. or open on the bench for one hour. Finally, the 
are placed on the medium suitably spaced apart and the plates are incubated 
overnight at 37° C. For each antibiotic the diameters of the circular ar^M 
of inhibition are plotted agaii^ the logarithms of the antibiotic concentra- 
tions and the resultant graph is approximately a straight line. It should be 
noted that the areas of inhibition measured include that of the disk as well n 
the surroundii^ zone. 


Qua ntit a tiv e In ter pre ta tion ci tihe IMsk Diffinion Test 

The zones of inhibition of ^wth may be related to tiie amounts of anti- 
microbial agent required for iwbition of growth in the following manner. 

The sensitivity (Minimum Inhibitoty Concentration) of any test organinn 
may be calculated from the prepared graphs by reference to the amount of 
antibiotic rewred to inlubit w standi organism to the same dgafee 
(diameter). The sensitivity of the standard organism ^Stapk. aureus, NCTC 
6571) is known; therefore the calculation of the sensitivity of tiie test organism 
is as follows; * 

Amount per did; required to inhibit 
c test organism _ sentitivityof 

ensi Jo standard oigsoism. 

standard organism to same degree 

For all routine teats, dirim containing tiie same amount of sntimi<;i<rifiid 
agent are used, therefore the amount used to inhibit the test otgsiwm is 
constant. Ilm amount required to inhibit tiw standard orgatltsm is ompnnt. 
The amount required to inhibit tiie standard otganiam is otdribe4 fitoW ^ 
prepared gnndia as in tiie firilowing exanqde for penioillici. $«^(^0se tito 
^ameter of ^ zone of inhibttioh ms test ormutism usings 1 tmitpwhiHls 
^sk is 13 to”*- The grsfdi W penicOUn ^ig. 70) inmeatoS tind s dUc 
containing 0^5 unitopentratinwiU inhibit the standaraoiganhua to 13 ihmn 

therefore ^ ieiuiitiv% of the test brgSDum ^ 

' In titis’tiifr tito seniitivity in or jt# pm ini is 4wt^ 
absdssse'of 4^ gnqdi lbr=pe^ 


896 


MS0ICAL MICROSIOLOGT 



(RepiDduced by peitninion of the Edmbiirglt Mtdintl yournat) 


prepakahon of disks for routine 

Disks rnntaining the following amoiuits of antibiotics and other chemo- 
therapeutic ^ents are used in routine tests; 

benzyl-penicillin 1, 10 and 100 units each. 

ampiolUn 10 and 100 fig. 

penidllinase-resistant penicillins {e.g. methidlUn) 10 fig. 


streptomycin 
kanamydn 
neomydn 
badtradn 


chloramiphenicol 
tetrac^cime 
erytitnnnycin 
framycetin 
{MTomomydn 
qrdoserine 

colomydn and polymyun 
njwtat^ . ^ 

nittofurahtdn 

sulphonamide ... 

aovdbiocia, ristocetiii and vancomycin 10 
:faddic add * 19 


10 and 100 fig. 

10 and 100 fig. 

10 fig. (Diagnostic for Clostridium 100 fig.) 
10 units (Du^ostic for Group A Str. pyo~ 
genes 2*5 ^g.) 

25ftg. 

10 and 25 fig. 

10 ug. 

100 jug. 

100 jUg. 

100 ug. 

1000 units. 

1(K) jug* 

100 /xg. 

250 and 500 fig. 


Afitw incubatwm die dianaasm of the »»»• nif 

meatuted and die aendtivity obtained from Ae c(Mrrei|xmdinggiii^». i 

amooBia of eaefr aatibtofre teew mn e n ded above have bem found to g» 

wiA sensitive otKaniams, aofiea of inbtbidon tviitch an eaaify ineasiu^ 



DISK DIFFUSION TEST ggff 

TT ^ P^P®” a dupli^a 

CohuriK elutions of the following ^es coi^imne 25 


“Clayton” aniline tolamine pink . 
“Durazol” yellow ICI GR 2W 
“Chlorazol” sky blue ICI FF 200 
“Duraaol” turquoise blue ICI FBF 
“Durazol” fast orange ICI R 150 
“Durazol” scarlet ICI 4B, 150 . 


RED 

YBIXOW 

BLUE 

TURQUpiSE 

ORANGE 

SCARLET 


md the foUowing colours are used to identify the various antibacterial 
The stock soluttons are diluted to S mg, per ml. before use. 


agents. 


Antimicrobial 


Agent 

Benzyl-penicillin 

Methicillin 

Ampicillin 

Fucidic acid 

Chloramphenicol 

Tetracycline 

Erythromycin 

Colomydn 

Bacitracin 

Neomycin 

Cycloserine 

Kanamycin 

Framycetin 

Sulphonamide 

Polymyxin 

Nitrofurantoin 

Streptomycin 


Dye Solutions 
red 

turquoise 
red diluted 1 : 10 
none 

3:1 mixture of yellow: blue 
1 :1 mixture of orange: scarlet 
1:1:8 mixture of orange : blue :red 
blue diluted 1 :10 
2:2:1 mixture of scarlet: orange: 
blue 

1 :9 mixture of blue: yellow 
1 : 4 mixture of orange : yellow 
Scarlet 

1 :10 dilution of blue 
blue 

1 :5 blue: red 
ydlow 
none 


Colour 

RED 

TURQUOISE 
PINK with SPOTS 
WHITE with SPOTS 
GREEN 

TERRA-COTTA 

PUCE 

PALE BLUE with SPOTS 

BROWN 
LIGHT GREEN 
ORANGE 

SCARLET with SPOTS 
LIGHT BLUE 
BLUE 

PURPLE with SPOTS 
YELLOW with SPOTS 
WHITE 


. With the exception of the agents mentioned below solitttons or suspm^ 
sions of the antibacterial agents, twice the final potency per mi. xoqiiured to 
prepare the dtd» are made hy ad^i^ sterile water to commeicial ptqMuralums; 
Ltf. benzyi^penidUtn, ItHO units per mL (for 1 unit didis); 2000 per 
(for 10 unit disks) etc. 

Equal parts of the antibacterial solutions and dye solutions are ni^ed mA 
1 ml. of the colour nuxture added to 100 disks (2 ml. to 200 dUcs and pro 

For Fdijmayxisi* Bacitracin and Sii^ilMMMnidsaB~ 

. endbiotics precipitate the dyes in solutkm, and ahfa oi ^ this does not 
f die acd^ d die antibiotic the oohmrbg d the dUbs ia Mt 
^bs&ctoty. Uncoloured d tfrka are used for streptomycin; die disks for 
3 L 
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polymyxin and bacitracin are first coloured with the dye, dried and then 
impregnated with antibiotic solution. Solutions of these antibiotics are made 
up therefore as follows; streptomydn 1000 /ig. per ml.; polymyxin 10,000 
units per mL; and bacitracin 1000 units per zm. 1 ml. of riiese solutions are 
added to each bottle of 100 disks. 

Disks for sulphonamides are dyed blue and then impregnated with 
solutions of the sodium salts of sulphonamides containing 12*5 mg. per ml. 

Commercial disks are available, impregnated with antibiotic and marked 
to indicate the nature of the drug, ^me of these are of absorbent paper, 
others consist of a vehicle with antibiotic and binding agent compressed 
into a tablet (Sleigh, 1958). The amount of antibiotic in these preparations 
has been found to vary. For ease of placing multiple (disks simultaneously 
on a plate some are made available with a mechanical q^penser. Others are 
manufactured with the disks joined together and prolonged storage under 
variable conditions may result in a falling off in potency. The substances 
used as vehicles or binding agents in the tablets may tie biologically active 
and under test conditions become antibacterial or intenijere with the action 
of the antibiotic. For these reasons the standardisation of commercial disks 
for antibiotic sensitivity tests is desirable (see Greenberg et aL, 1957). If 
commercial disks are used it is recommended that they be compared with 
fresh djftkft of known potency prepared in the laboratory. 


SENSITIVITY TESTS 

Primary . — In testing organisms of unknown sensitivity a result adequate 
for clinical purposes can be obtained from a primary sensitivity test in the 
majority of cases. 

Indeed the results may be more relevant to the case since the inoculum 
may represent more correctly conditions pertaining in the patient’s tissues, 
and when multiple species are present any interaction between them and Ae 
antibiotics will be detected. Further it is often easier to appreciate which 
antibiotic is most effective against all the flora isolated. 

An additional advantage of the use of the disks on the diagnostic phtes 
is the creation of locally selective zones which often allow separation of mixed 
species and therefore facilitate identification. 

When these tests arc carried out under anaerobic conditions the apparent 
activity of some antibiotic is changed; e.g. streptomycin has usually reduced 
zones of inhibitioiL 

The area of initial inoculation (rcservoirt of the specimen on the diagnosuc 
culture plate is made so that it covers a sumdent area of the medium 
material is spread as uniformly as possible* Disks containing anfimicrobial 
agents are applied within this area, their centres s^arated by two or 
cenrimetres. After incubation the zone of infaibirion, if any, fa measured. 

Thesemay be compared with the results of subculture testt if desired. 

will be a number of primary tests in which the inoculum fa so sparse tnc 
result Cannot be assessed propoiy, and in such cases recourse to a subcultur 
test fa necessary..' j 

&ci 9 m 2 a:ry.-.*^ubcultoreB of Ae test oi^anisios are made ki ® 
incubated for 6-18 far. Any density of inoculuffl may be used, 
cases Ae surfaces <rf mdture slates may be sown as aleeatfy dwCTwf® w 
ImiA cootaimxtt umrendmatay 100 mllton cdls per mb _ 

stufme <&sks ate iqpidiedt llm platee imadwted end sonei of 
messuted. 



TUBE DILUTION TEST 


anti 

8W 


R^Uca Plate Method to ahow Bacterio^rtatic 
Bactericidal Action 

A zone of inhibition of growth around a dint in the preceding test may 
indicate ti»t the antimicrobial agent is either bacteriddri <»■ merely bacterio- 
static. The presence or absence of living organisms within the zones of 
apparent complete ^bition of growth on antibiotic difiusion plates may be 
shown by the replica plate method (Elek & Hilson, 1954). Bacteria are 
transferred from the surface of the sensitivity test plate to a second (replica) 
plate containing no antibiotic, without disturbing their spatial relationships. 
This is done by means of a “stamp”. Cylindrical wooden blocks, 3 cm. in 
height and of a diameter slightly less than the Petri dish used, are made from 
seasoned, close-grained wood. The surfaces should be as even and smooth 
as possible. An even layer of latex adhesive is brushed over one face and a 
piece of good-quality furnishing velour of about 2-5 mm. with a 

close pile, is smoothed over the surface with the pile faring away from the 
wood. Trim the edge of the velvet to the block. These “stamps” are 
autoclaved and stored in pairs with their faces in contact They may be used 
repeatedly until the velvet becomes matted or uneven, when the fabric must 
be replaced. 

The velvet surface of a sterilised “stamp” is pressed evenly and firmly 
on the surface of a sensitivity plate, avoiding lateral movement The 
is then lifted off md pressed firmly on the replica plate. This plate is iit- 
cubated and examined for growth within the areas corresponding to the zones 
of inUbition on the sensitivity plates. Approximately 1 per cent of ^ 
organisms are transferred from plate to plate by tl^ technique. 


Serial Dilutioii Tube Technique 

Serial dilution tests in which the concentration gradient is discontinuous 
are fr^uentiy used to determine the antibiotic sensitivity of strains of 
bacteria and to assay the antibiotic activity of body flui^ during tr eatment 

To each of a series of sterile stoppered test-tubes a standud volume , of 
medium that will sup^rt the groi^ of the test organism is added. A 
solution of the antimicrobial agent is prepared in broth and a series of 
doubling dilutmns prepared (Fig. 71) with sterile pipettes. The range 
roncentrations shmild extend firom at least twice the highest concentratum 
likely to be found in the tissues during treatment to half that which iidulrits 
the growth of the most aenritive member of the species being tested. A 
control tube oontaining no antimicrobial agent is included. The inoculum, 
consisting of a suitable dilution of an overnight broth culture of the test or 
standard ooiriiol otgamsm, is added, one locqiful to each tube. 

The tuba are incubated at 37” C. for 18-24 hr. and ejounined'lortuiM^. 
'i'he tube with ^ hi ghwit dilution showing no visible; turbidity m tire 
°dnimum ii^ttitory concentration (bacteriostatic cc»ioeatratioB). v To 
measure tire bactericidal concoitration it is necesa^ to subculture from 
the tubes showtngno vitibte gro^ on to Sgar or into broth free of anri- 
micrriiiri agentTl^ l^hest cation yidlding no growth is tire bacrerit^ 
^centntkm. Where availaUe, a specific neutraliser of the antinuenitiri 
>pcnt ahouU be used in the subculture medium, e.g. penioillinase fire pen^ 
"flTretmr pottibV, replicate tests should be set up ai^ ocmlr^ 
titrationa with contreti otganiams <rf known sensitivities caniril out. 
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GROWTH CONOITUSNS^ 


* n 

Si 

AND INOCULA 

O- 



UNIFORM 









SUBCULTURE FRON 
EACH TUBE TO AN 
AGAR PLATE 



VIABLE COUNT 
AFTER 
INCUBATION 



•ACTtl^fClOAL CONCINTHATION 



COMTROt TUIC 
CONTAININQ NO 
AHTliJOTlC 


Fig. 71 

Sexial diludun tube test (Gould, J. C. ( 1 % 0 ). Brit med, BuU, 16 , 29 .) 


TESTS FOR ANTIBIOTIC SYNERGISM AND ANTAGONISM 

Mixtures of antibiotics may show greater or lesser bactericidal effects 
than equivalent concentrations of the incUvidual components alone. Methods 
to determine these effects are used to help in the selection of antimicrobial 
drugs in the][treatment of some infections such as cases of subacute bacterial 
endocarditis in wluch a single drug does not control the growth of the in- 
fecting microbe. The oact concentrations of component antimicrobial drugs 
in a mixture having the greatest bactericidal effect may be ascertained only 
by setting up large series of tubes containing combinations of different 
concentrations of eat^ drug. However, for most clinical purposes either of 
tite fdUowing tests gives an adequate re^t 


Tube Test to measure ComMaed Antibiotic Action 

This comparativeW umple test uses a limited number of tubes and a 
ain^' ooncentration of each drug to be tested in combmtion, the ooncentra- 
idon \>eiQz tiha& most Uktiy to be attained in tiie tissues during tiierapy 
(Chaiibert, W53). 

i^biotics in thdr appropriate concentrations are added to tubes <^' 
Sw^ee^^d U»^ brotiu The combinatioaB tiutt iqtipear <m p. 

of ‘.1^ of « overnight broth cuta^ 

*“***• I«o>ediaatify after aujnn^ 

^ The tubes ^ 
hr. at 37 » C. end anoto loophil » 
g»wh^M to a second tetiea of culture platMrSwtosecond **} 
S tvw» sets are SSted and soy wcit>»f 

Dumber ^ coinWiiE*^ iDBBiiiied by 





Tubel 

PenicilUn 


TESTS OF COMBINED ACTION 
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TtAel 

Pemdllin 

+ 

Streptomycin 

TfAeS 

Streptomycin 


Tube 3 
Penicillin 
+ 

Chloramphenicol 
Tube 6 

Streptomycin 

+ 

Chloramphenkol 

Tubei 

Chloramphenicol 


Tube 11 
Control 
No Antibiotic 


Tube4 

Penicillm 

4* 

Tetra^dine 
Tube 7 

Streptomycm 

+ 

Tetracycline 

TiAe9 

Chloramphenicol 

+ 

Tetracyline 
Tube 10 
Tetracycline 


A duplicate set of tubes may be set up, but with a more dilute inoculum^ 
e,g, a 1 in 10,000 ^ution of an overnight broth culture, since i ncrea s ed 
bactericidal effects, if any, may be more easily observed under these condi<* 
tions. 


The Disk Test to measure Combined Antibiotic Actim 

Some information on the combined effect of two or more antibiotics iu 
vitro can be obtained by using the disk technique after the manner of 
Lamanna and Shapiro (1943), The disks are placed with their centres at a 
suitable distance apart so that the respective antibiotics will diffuse into one 
another to^ produce a continuous range of concentrations in the early hours 
of incubation. This is best done after subsulture tests have determined the 
sensitivi^ of the test microorgsmsm to individual antibiotics, e.g. and 
and the position of the disks contain^ these antibiotics can be pre« 
determined to effect the desired concentration mixtures; for example, msks 
A and B can be placed x mm. apart when x^a^-b^ c being the radius of 
zone of inhibition with A and b the zone with B. After incubation, the two 
zones of inhibition will make contact and there will be a thin wedge of growth 
on either side of the point of contact of the zones. When there is appreciable 
additive or syneig^isitic effect by individually sub-inhibitory omcentriMjons 
of A and B, the growth in the area of these wedges is inhibited. On other 
occasions resistant growA within the zone of iiffubition produced by one 
drug may be inhibited by relatively small concentrations of the other which 
has difhised into the aiea. The concentration of the in&vidual componjents 
produdng these inhibitory effects can be inferred from the stmds^ grupim 
in the usual way by measuring the distances from the individual disks to the 

area of inhibittcm. . . m i 

Mutual interleretice (antagonism) between antibiotics is smularly iftiowii 
by decrease in tine or ffie zones of snhibhion. 


mamoB wshno toe BEssmm c» 

jmimxiomAL mim 


iftoTflSSfi 

If m(V0 a ffenwm s a i. 
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effect in cases of tuberculosis infection if the organism is sensitive to the drug. 
Unfortunately, tubercle bacilli may become resistant to these drugs in a few 
months, especially when they are given alone, so that it is customary to 
administer two or more drugs simiidtaneously. It is essential therefore to 
test strains before and at intervals during treatment, to determine that the 
organism is and remains sensitive to the drugs used. 

The criteria for interpreting resistance from the tests to be described have 
been determined by closely correlating the results of sensitivity tests with 
clinical findings. 

Smsitmty to Streptomycin, — ^The testing of strains of tubercle bacilli for 
sensitivity to streptomycin is carried out on Ldwepjstein-Jensen medium. 
Dihydrostreptomycin is used because of its greatt heat stability. The 
antibiotic concentrations used are 1 /ig. per nd. by vofold increments to 
64 fig. per ml. These are the actual concentrations i the medium before 
inspissation, A control without the drug is included. Jispense the medium 
in 1*25 ml. amounts into J-oz. screw-capped bottles. Inspissate for one hr, 
at 85® C, to produce a firm medium and store in the yefrigcrator at 4° C. 
They may be kept for at least one month without loss of potency of the 
antibiotic. 

To prepare the inoculum, sterilise ^oz. screw-capped bottles containing 
0*1 ml. water and six ^-in. glass beads. Make a suspension of the culture to 
be tested by shaking a loopful of the growth in the 0*1 ml. water on a mech- 
anical shaker for a few min. and dilute to a standard suspension. Use an 
inoculating loop of 2*5 mm, internal diameter of 22 SWG wire diameter and 
streak a loopful of the suspension up the centre of tne control and each 
antibiotic-containing L.J, slope. This will give an inoculum of 10^10^ 
particles per slope. In each batch of tests include a control test using the 
standard drug-sensitive strain of Myco, tuberculosis H37 Rv. Read at the 
end of 28 days’ incubation at 37® C. 

The end-point is the lowest concentration of the antibiotic that inhibits 
growth. Growth is considered to be inhibited if fewer than 20 colonies 
appear on the slope. The result is expressed as a resistance ratio by com- 
parison with the control as follows: 

Lowest concentration of the antibiotic that inhibits 

, . patient’s strain of Myco, tuberculosis 

tance concentration of the antibiotic that inhibits 

die standard drug-sensitive strain, H37 Rv 

For example, if the patient’s strain is inhibited by 16 fig. per ml., and t{ic 
standard, drug-sensitive strain by 4 /ig, per ml., men the resistance ratio is 

4 ' ... 

Strans are conaidered reuatant to streptomycin if the resistance ratio is 
8 or more. A ratio of 4 is suggestive of resistance, but not conclunve. In 
ni^ a case, other cultures from the patient’s strain should be tested and the 
previous chemotherapy considered. 

DMtj,.Mmuatdievlie Add {PAS). — Sensitiiu^ testa to PAS 
ir streptmnym using twosdd difference 
or ooncemniuuu w* »*»■.. .jom 0*25-16 fig. per mL file resiJt is 

eiqsmeed as a renstance ratio. , Sodiutn FAS is used because it is 
tnoie stwie and more soluble. . 

Stniins am conaideied renstant to PAS if the reststsmse ntdo is o or 
A mtb iff 4 is suggestive, but not conclusive. In suds a iqise, other cultiite' 
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frotn the patient’s strain, should be tested and the previous 
considereiL 

SensUttdty to IsotUaztd^—T^ht following method is that recotnnieitded by 
the Research Council (19S3). The mc^um, me^od of inoculation 

and period of incubation are the same as for testing s^eptomycin sensitivity 
and the concentrations of isoniazid 0-2; 1 ; S and SO ftg. per ml. The end- 
point is the lowest concentration inhibiting growth to 20 colonies or l es s. 
Strains are resistant to isoniazid if growth occurs on 1 ^g, per ml. or more. 
Growth on 0*2 fig. per ml. is suggestive of resistance, but is not conclusive. 
In such a case other cultures from the patients strain should be tested and 
previous chemotherapy considered. 

Alternatively, a doser range of isoniazid concentrations (from *025 to 
0*8 /ig. per ml.) may be used and the results reported as the resistance ratio. 
A ratio of 4 indicates resistance. 

For alternative methods for estimating the sensitivity of Myco. tuberculoiis 
to these drugs see Canette et aL (1963). 

Sensitivity tests for other Antitubercular Driigs , — ^Tests for viomydn, 
cycloserine and oxytetracycline may be carried out in a manner si mi l ar to 
that for testing streptomycin. 


TITRATION OF ANTIMICROBIAL AGENTS IN 
BLOOD AND OTHER BODY FLUIDS 

It may be desirable to esitmate the amount of antibiotic or other anti* 
microbial agent in body fluids during treatment to ensure that an adequate 
dosage is being administered. The methods employed are similar to mose 
used to determine the sensitivity of bacteria to antibiotics. A simple method 
suitable for most clinical purposes is as follows. 

The fluid to be examined is collected aseptically. If it is likely to be 
contaminated with microorganisms, these must be removed, e,g. by filtration. 
Blood is AVithdrawn by venepuncture and the serum separated, bdng centri- 
fuged if necessary to free it completely from suspended red cells. The toet 
should be carried out as soon as possible after collection of the fluid. 

Suitable dilutions of the fluid under examination are pr^ared in broth 
and inoculated with a standard organism of known sensitivity such as the 
Oxford strain of Staph, aureus which is sensitive to concentrations of all the 
commonly used antimicrobial agents that can be e^ily attained tn the 
tissues. A control tube containing the medium alone is included. The tubes 
are incubated for 18-24 hr. and examined to find the tube with the highest 
dilution that has no turbidity. 

A control test is set up in parallel using a fresh sample of the same body 
fluid known to contain no antimicrobial agent and to which a known amount 
of the agent being assayed has been added. By comparing the <fliutidgtis 
that inhibit the growth of the standard organism an exact estimation of the 
amount of antinucrcbial agent can be made, taking into account the bactetko- 
static action of the fluid under test, if the unknown fluid snhibita gmwth 
At a dilution of 1 : 60 and the control fluid containing 5 (ig.fvdL at a dmition 

^f 1 : 120, the unknown contains iug./ml. 

of airqptiMBiyciii in aeruxn and oerdiroqdnal fluid 

The method recommended by the MRC Subcommittee (M&C Reposlr 
1948) can be tised when a rapid dinical muy is required. When a more 
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preciae determination is required, the method of Mitchison and Spicer (1949) 
may be used. 

There are many detailed techniques, both chemica} and biological, for 
assaying mdividuai antibiotics, and lor these appropriate textbook should 
be con^ted {e.g. Kavanagh, 1%3). 


PRODUCTION OF PENICILLINASE 

PenscilUn is rapidly destroyed by the products of growth of many organ- 
isms, and such material has been termed ‘‘penicillin^”. Some strains of 
B. siAtilis produce it in lar^ quantities. Penicillinase is useful when it is 
desirable to destroy penicillin present in body fluids from which cultivation 
tests are carried out: for example, blood culture, when ascertaining the 
survival tinokes of organisms subjected to the action ofi penicillin or when 
testing preparations of penicillin for sterility. \ 

B. subtiUs (strain NCTC 6346) is grown in broth, thie culture is filtered 
and the resultant fluid constitutes “penicillinase”. The mtrate is tested for 
potency, with penicillin and the standard Oxford strain of staphylococcus. 

Preparation of PemcilUnase 

Distribute digest broth in shallow layers in 20- or 32-oz. flat bottles. 
Inoculate the broth with a culture of B. subtilis (strain 6346). 

Incubate the bottles horizontally for 14 days at 26® C. A pellicle forms 
which is shaken down each day. j 

At the end of incubation, filter the culture through a Seitz disk. The 
filtrate contains 100,000 units or more of penicillinase per ml. 

Tests for Potency 

Make up a solution of penicillin, 1000 units per ml. 

Prepare in tubes or bottles a series of 10 ml. amounts of broth containing 
1000 units of penicillin, and add varying amounts of penicillinase. 

Inoculate each tube or bottle with a loopful of an overnight culture of 
the standard strain of staphylococcus, and incubate for 48 hr. 

The end-point is the least amount of penicillinase that allows growth. 
This amount neutralises 1000 units of penicillin and thus contains 1000 
units of penicilUnase. For example, if the least amount of filtrate permitting 
growth is 0*005 ml., then the penicillinase content is 200,000 units per ml. 
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CHAPTER 54 

IMMUNOLOGICAL AND SEROLOGICAL METHODS 


Tot classical techniques for detecting antibody-ant^n reactions— pre. 
dpitadon, ^lutinatioti, and complement-fixation have been described in 
Chapter 7. These techniques are of considerable value in identifjdng unknown 
ant^ns and detecting the presence of antibody in die serum of an 
subject.^ They have provided a basis for precise quantitation of antibody 
and antigen and for qualitative studies of high resolt^on and qiedfidty. 
The last few years have seen the introduction of refinejl predpitin methods 
by the use of gels and other forms of support media, tod the technique of 
immtoodiifusion has become widely used in immunological work. The 
application of the a^lutination phenomenon has been^tended to mclude 
the use of non-particulate soluble antigens in the reaction. This has been 
achieved by the use of taimic add treated red ceUs, or\foe inert partides 
polystyrene latex, bentonite and collodion. These partit^te materi ala are 
coated wiA the soluble antigen and become susceptible to agglutination by 
the appropriate antibody. Complement fixation techniques are available with 
a high degree of sensitivity and micro methods can be used where only small 
quantities of reactants are available. Extensions of this procedure, making 
use of non-htomolytic complement and the conglutination phenomenon, 
have been devised with further increase in sensitivity. Other techniques are 
now available which are not derived from the classical tiest tube reactions 
of aiitigens and antibodies. Thus the introduction of the fluorescent antibody 
and isotope labelling techniques has enabled the study of the fate of injected 
antigens tod antibody, the localisation of invading microorganisms and the 
distribution of tissue totigens. The passive cutaneous anaphylaxis tests will 
detect minute quantities of antibody injected into guinea-pig skin. 

The next section of this chapter consists of a general discussion of the 
basis and use of some of these methods, together with some of the common 
diagnostic procures described in detail. 

The senntivity of each of the main types of reactions are indicated in 
the appropriate sections and are expressed in terms of the minimal quanti^ 
of totibody nitrc^[en that can be mtected by the method. As nitrogen is 
an integral constituent of all proteins, quantitative analysis for protein is 
conveniently carried out by estimation of the nitn^en. The antibody 
nitn^n estimations ue made from the analysis of the washed q)ecific 
predpitetes by the micro-Kjeldahl method after complete predpitation of 
the antibody by addition of anti^lTin slight excess (Kabat & Mayer, 1%1). 
'Rius in a particular serological test if an antiserum containing 1 mg. of 
antibody nitingen per ml, as estimated by the micro-Kjeldahl m^od, dves 
to end pdnt in the test at a dilution in 1 mL of 1/1000 the test is capatue of 
detecting as littie as 1 tnicrogram (fig.) of antibody espressed as nitrogot' 


aggluhnahon 

Hie segregation of cdls or particles is btoug^ about by antibody Ilaol^ 
cules linkmg across from one cell or particle to anotiwr and so forming 
visiltie s^^^egates. 1^ is possible <»% when the ant^en a^&st whi^ 
the antibody is diiected is at or near the surface of the cell or parti^ (n* 
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certain cases speaal treatment of cells, by enzymes, is <miployed in order 
to expose anti^ns below the cell surface). 

A^lutination tests are performed by mixing a dilution series of 
with a suspension of the cells or particles. The method is u sed to 
sera for antibodies against salmonella and brucella and^ usi ng standard 
antisera, to identify ceu suspensions. 

In general the underlying principle of the technique of agglutination tests 
in enteric infections is to examine serum quantitutivdy for agglutituns towards 
the particular organism. For this purpose the method usually adopted is to 
mix vaiying dilutions of serum (made up in saline solution) with a fixed quan* 
tity of a uxmorm and stable suspension of the organism, the mixtures being 
placed in narrow tubes, kept at 37® C. or 50®-5S® C. in a water-bath for a 
certain length of time, and dien examined for visible agglutination or floccula- 
tion of the suspension. The agglutinated organisms tend to sediment, and 
the reaction can also be gauged by the amount of deposit in the tubes and 
the clarity of the supernatant fluid. The strength of the reaction can be 
stated in terms of the highest dilution (“titre**) that produces agglutination. 

The Meaning of Titre . — ^The titre of an antiserum is a measure of the 
number of antibody units per unit volume of the original serum; thus if the 
last tube showing a reaction e.g agglutination or lysis, contains 1 md. volume 
and is a dilution of 1/128 of the original serum, the titre of the serum is 128 
units of antibody per ml. of serum. Titre is often mistdcenly expressed as 
a function of dilution without reference to unit volume. 

Blood specimens for agglutination tests are taken by vein puncture, so as 
to obtain a satisfactory amount of serum for the complete test. At least 5 ml. 
of blood should be obtained, and the blood immediately transferred from 
the syringe to a dry stoppered sterile tube or screw-capped bottle and allowed 
to dot. When the serum has separated, it is pipetted off into a sterile tube. 

THE WIDAL TEST 

The nature of the Widal aggluimaUm reaction and its applications in the 
diagnosis of enteric fever are referred to on p. 227 et seq. 

In the routine Widal reaction the patient’s serum is tested simultaneously 
with ea<*i of the oiganisms Ifltely to be responsible for enteric fever in the 
particular remon, e.g. in Great Britain at the present time, 5, typM and 
S. paratyphi B. In other parts of the world S. p^atyphi A or C may re<|ture 
to be induded. As explained later, additional information can be obtamed 
by testing separately for H and O agglutinins (p. 910). Thus, the Widal 
generaUy involves parallel tests witii different SalnwneUa group otganiams, 
and also dif^nt mrms of the same oiganism. 

In addition to the tests with typhoid-paratyphoid organis^, it is tibe 
practice In many laboramries to test also for Br. abortus agglutininsi and/ff 
considered necessary, with Proteus X19, X2 and XK for ty{>hus infectmn 
(p* 489), thus increasing the number of parallel tests carried out. 

To simply d^cr^ikn a test loiU he r^erred to. 

Requisites 

l-nfl. mpette graduated to the tip in 1/lOtiis and 1/lOOths; 0*1 ipl* 
graduated to the tip in 1/lOOths and l/SOOlhs; a rubber teat, or mdferabfy 
a mouth-pSeee for pipping by auction, ue. 3 in. of S-7 mim bore glm 
tubing with 9-12 in. of rubber tubing attached which can be fitted % 

?op of the pipette (vide mfrAfTObe friend erf the>w^ ^SmoOflied ? 

in the Bumsn flanut- * 

Steifle 045 fer cent, saiiae; tert-tobes SxJ in.; aggfutiniitms tiHM 
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3 X J in., or Dreycr’s agglutination tubes with rounded bottoms (not conical 
as originally made); test-tube racks suitable for the tubes used; ffltfiaE beriter 
or umilar container for saline solution; grease pencil for marking tubes; 
capillary pipette. Automatic (see p. 941) containing 1*0 ml. and 

ad j u st ed to deliver 0*4 ml. are convenioit ana save mudi of the time required 
in the usual pipetting method. 

Bacterial Suspension 

The strain used must be carefully selected and known to be suitable for 
foe diagnostic agg lutination tests. It must be a motile Vsmooth” form of the 
particifou: type, and if the organism is ^‘diphasic**, e.g. (5. pcratyphi J5, must 
represent the specific phase. Since the antigens of fimbriae (p. 247) are 
ajyyiilar j n different types of SWiwoseHc, the use of suspeji^ons prepared from 
fimbriate cultures may lead to confusing cross-reactibns. Non-fimbriate 
cultures may be obtained by two or three successiye suscultivations on well 
dried agar plates; liquid media should not be used. \ 

It is now a general practice to use standard suspensions such as those 
described later; but if it is desired to prepare a small quantity of suspension 
for immediate use the following method can be adopted : add in fractions 5 ml. 
of physiological saline to a well-grown 24 hours* agar slope culture, and 
emulsify fo^ growth with the aid of a wire loop. This suspension can be 
standardised to a suitable opacity, e.g, tube 1, Brown’s opacity standards 
(p. 871). The suspension is decanted and allowed to stand for half an hour 
until bacterial clumps and fragments of ^ar have sedimenfod. Alternatively, 
it may be centrifuged for one minute. 


Serum Diluticms 

First make up a 1 in 15 dilution of foe patient's serum, and from this 
prepare a series of doubling dilutions in small (3 X J in.) test-tubes: 

© © (2) Ci> ® ® 

/ ma i fnJ0 

The actual procedure is as follows. . r i. 

In the rack place seven tubes as above; add 0*4 ml. saline to each of the 
tubes 2 to 7; in a separate tube add 01 mL patient’s serum to 14 mi satoe, 
U. a 1 in 15 dilution; wash out the pipette thoroughly in saline solutjon; 
add to tubes 1 and 2 04 ml. of the 1 in 15 dilution of patient’s serum; the 
of serum in tube 2 is now 1 in 30; after thorough mhdng wthdraw 
0*4 ml from tube 2 into tube 3, flaking now in tube 3 a 1 in 60 dilution ot 
serum; withdraw 04 mL from tube 3 into tube 4 , w. 1 in 1^)« 
till a dilution of 1 in 400 is obtained in tube 6 ; withdraw and discard 04 ml. 
from tube 6 ; tube 7 contains saline only. . 

0*4 ml (d the bacterial suqiawon is added to each tube and the pipette 
is tiimi steriUMd. The dilutions of serum are now: 


(i; Cil ^ 

t ttjm tmm tinmo fMftf fit* 


0 

fmm 



. If tiie amouift of serum avadabk is imttfSdeat to of (h4mL b^ 
used for tile varioiis eenim dilutiona, a small vdume, 0*3 

iMiy be witii, ctf oouri*. ti« same vt*i«e of bact^ 
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The mixtures are transferred with a capillary pipette to agglutination 
tubes, starting with tube 7. 

An alternative method of pr^aring doubling dilutions of serum and making 
niixtares of serum and bacterid suspension is to use a ^^constant-voImM’^ 
pipette made by slightiy constricting a capillary pipette so that the volume 
of fluid contained in it from the tip to the constriction is about 0*25 ml, 
the capillary stem bring 3| to 4 in. longjand not too floe in calflire. Tim 
pipette is actuated by a teat, and with it the serum dilutions can be ma^ 
directly in the narrow agglutination tubes; thus, after preparatkm of t^ 1 in 
15 dilutions, the constant volume measur^ vtiththecapiUary jnpetteis std)*- 
stituted in the directions above for the 0*4 ml. volume of serum dilijdon, 
or bacterial suspension measured with a graduated pipette. The 
contents of the tubes are mixed by gently bubbling air through the fluid by 
means of tiie pipette, starting with tube 7. A convenient dilution procedure 
employs an automatic pij^tte (p. 941). 

To observe agglutination of the H type (p. 910) it is usually sufficient to 
incubate at 37® C. for two hours and tiien leave for half an hour at room 
temperature. (Some workers prefer incubation at 50-55® C.). ‘‘Large- 
flake” clumping or agglutination can easily be detected with the naked eye 
in a satisfactory light. The flocculi also sediment rapidly and the deposit is 
quite perceptible in the narrow tubes. 

When agglutination of the 0 ty^ (p. 910) is tested for, readings should 
be made after 4 and 24 hr. as this form of reaction develops slowly. It 
was at one time considered advisable to incubate at 50®-55® C., but it has 
been shown that prolonged exposure of 0 agglutinim at this temperature 
level may weaken Ac agglutination reaction, and it is preferable therefore 
to incubate for 2-4 hours at 37® C. and then to keep the tubes at 4® C. in a 
refrigerator for 20-22 hr. The clumps are small and “granular” and 
observations are aided by the use of a hand-lens and a strong illuminant. 


Pipetting with a Graduated Pipette and Mouth-Piece 


The glass mouth-piece is held between the teeth at 
the right corner of the mouth, and the top of the pipette 
is supported between the second and diird fingers of 
the right hand so that the rubber tube immediately 
above the end of the pipette can be compressed betwem 
the thund) and the first finger (see figure). The flmd 
is drawn up, e.f , from a test tube, into the pipette by 
suction until the column extends just above tte required 
graduation mark. The end of the mouth-pfoce is then 
dosed with the tongue, and tiie column of fluid is de- 
pressed to the partiedar kvd by gentle pressiw on 
the ruW)er tubing betwem the thumb and fore-fin|cr. 
With the tongue stiU fdtniy appUed to the 
this exa^ volume of fluid can be transferred from me 
original tube and tiben expdled from the pipette into 
anotiier tube. , ^ 

Thk method, for -wlikai the 

by practice, penmta of accurate and r^w 
®waui«naentadfevenanwn volumes. ... . 

The ^yaa^be of ^ mouth-piece can be atermaeo 
by flanMWj, , 
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Measuremeiit of Serum and other Fluids by Drops 

Some serological wodcers prefer to make measurements of serum, saline, 
etc«, in terms of drops delivered from a suitable dropping pipette. This 
consists in its simplest form of a piece of glass tubing drawn out to capillary 
dimensions (as in the capillary pipette). Alternatively, special dropping 
pipettes can be purchased. The pipette is actuated by a teat. When used 
it is held vertically and the fluid in it is allowed to drop slowly from the 
capillary stem. 

The following exemplifies the carrying out of an ^jlutination test by 
this method. In a suitable rack place a row of five '^myer’s agglutination 
tubes and a test-tube (about 3 x | in.) which may be < “ I the “dilution tube**. 
Into this tube measure with the dropping pipette 18 di)pps of normal saline. 
Similarly, add 2 drops of the serum and mix. This yields a 1 in 10 serum 
dilution. Saline, serum dilution and bacterial suspensim are now added to 
the five agglutination tubes as follows: — \ 


Tube 1 2 3 4 5 

Drops 







S 

Saline 

0 

5 

8 

9 

10 

Serum, 1 in 10 

10 

5 

2 

1 

0 

Bacterial suspension 

15 

15 

15 

15 

15 

Final dilution of serum . 

1 in 
25 

1 in 
50 

1 in 
125 

1 in 
250 

Control 


The tubes are incubated and the observations then made {vide supra). 
Full details of the preparation and use of dropping pipettes is given by 
Fildes (1931). 


Bacterial Suspensions for Testing H and O Agglutinins 

Formolised and alcoholised suspensions supply the necessary reagents for 
testing H and O agglutinins respectively,^ and it is ako advisable to use for 
such tests selected strains which are sensitive to H and O agglutination. 
Formalin interferes with O agglutination, and in the case of mot& fiageUate 
organisms, e.g. S iyphi^ formolised suspensions show the large-flake agglufina- 
tion characteristic of the H antigen (p. 115). The reactivity of the Hmtigen 
can be annulled by alcohol, and if mtures are treated with alcohol a suspen- 
sion representing the O antigen alone can be obtained. 

H^mlutinalm Formolised Suspensions are prepared by adding 0*1 per 
cent, offormalin (0*04 per cent, formaldehyde) to a 24 hr. broth culture 
or by suipensing a you^ agar culture in saline containing 0*1 per cent, 
formriin. 

O^aggluimaUe AlcohoUsed Suspensions are prepared a$ follows: plate out 
the orgamsm and select a mooth colony; subculture this on phenol agar 
(1 in 800 phenolj; scrape off the growth in the minimum amount of saline, 
emulsii^g very carefully, and add about 20 times the volume df absolute 
alcohol; at 40®-50® C* for half an hour; centrifuge <if necessary) 

> Stsndsid iuipenaions for the Widal and other agriuthiatiofi reiSIfiais 
riariaed from the Standards Libotitoiy , Ceenri ^bHlerith Laboratbry, CoUoaaic 
Aveniiet Lcatdeti, N.W.9. 
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suspend ^ depc^it in s^ne to the proper density, with chlojnrfonn .as a 
preservative* Tliis emulsion keeps moderately well, but if an old suspensit)^ 
is uwd, it should be centrifuged and re-suspended in fresh saline* The 
original practice of keeping O suspensions in alcohol and diluting when 
ready for use is not recommended as the alcohol eventually the 

agglutinability of the organisms. 

The Typhoid BactUus Vi Agglutination Terr.— This test has a limited 
application in the diagnosis of suspected cases of enteric fever, but is of vdue 
in the recognition of carriers of the typhoid bacillus. 

The bacterial suspension should be prepared from a selected strain that 
responds only to the Vi agglutinin and is not acted on by the H and O 
agglutinins. It loses sen^tiveness on keeping, and should not be used after 
two months* The test mixtures are made up and incubated in 3 x ^ in. test- 
tubes. A series of doubling dilutions of the serum is prepared, the 
dilution being 1 in 10 and the last tube in the series being 1 in 640. An 
additional tube is included, for control purposes, containing saline only. 
The amount of each dilution should be 1 ml. One drop (0-05 ml.) of the 
suspension is then added to each tube. Incubation is carried out at 37^ C. 
for two hours and the tubes are then allowed to stand at room temperature 
overnight. To observe the result, the tubes are examined in ordinary day- 
light, being held somewhat tilted, and the type of sediment determined with 
the aid of a hand-lens. In the control the sedimented organisms sh ould 
form a small, circular, well-defined, compact deposit If marked agglutina- 
tion has occurred, the deposit, consisting of clumped organisms, is scattemd 
over the foot of the tube. Intermediate degrees are also observed. '^Standard 
agglutination*’ is denoted by absence of the central deposit and bacterial 
clumps occupying about half the area of the foot of the tube. It has been 
pointed out ^t sera with haemolysed red cells may give false positive 
reactions in low dilutions. 

In cases of suspected typhoid fever, standard agglutination in a titre of 
1 in 10 is considered significant, but repeated tests and demonstration of a 
rising titre would make the res^t more conclusive. In suspected t 3 rplioid 
carriers a titre of 1 in 10 would also be regarded as suggestive. 


OTHER AGGLUTINATION TESTS 

V 

The i^utmation techniques described above are also applicable, to 
diagnostic tests with various Salmonella group organisms, Bf* mdiietm ot 
Br. abortus, Proteus X19 (Weil-Felix reacti<m of typhus fever^, etc. These 
may be carried out at the same time and in parallel with the Widal test Tht 
eeries of dilutions tested can, of course, be varied accor<^ to the nutge 
within which agglutination is likely to occur. It is esaentiid in all ctsee to 
make these teats quantitative so that the “titie‘* or highest dilutknia whiidi 
egldutinatkm occurs, can estimated. 


gragy nywrins MO AGGLimNATKXN lESI 


(1) Patmfi emms, 1*0 ml is required. Two sanies of serum shcMik 
be tested? the fint ta ktm during the acute phase of the illnesa and sawm 
an intmal oi 12«18 dws. 

Note. TIm MM imii* not he inactivated at 56^ C as this hmUMIhe Am 
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(2) Strtpioeoeem '*MCP' Suspamott, Remove ^ growth from a 48 hour 
l»oth cuteuie of the organism by centrihigatum and mwh it time 

times whh sterile saliiie. Kill ^ suspension by hmting in a water bath at 
100° C. for 30 min. Alter one further waslung with saline make the sus- 
penncm op to a standard density (Brown’s opadty tube No. 5, see p. 871) 
and add merthiolate 1 in 10,000 as a preservative. 

(3) Standard positive rabbit antisenm. 

(4) Physbdt^tcal stdine. 

The Test 

Use 3 X i in. tubes: Set up a rack containing 7 tubes. i In the first tube 
place 0*8 ml. saline and 0*5 nd. in the remaining tubes. 4<ld 0*2 mL serum 
to the first tube, mix riioroughly and transfer 0*5 ml. of le mixture to the 
second tube and continue preparing doubling dilutions to end of the row. 
Include a control tube containing 0*5 ml. saline only. each tube add 
0*5 ml. Streptococcus MG suspension. Final serum dilu ins are 1 in 10, 
1 in 1 in 40, 1 in 80, 1 in 160, 1 in 320, and 1 in 640. 

With eadi batdi of tests a titration of the positive rabi serum should 
be induded. 

The tubes are incubated overnight in the water bath at 37° C. 

A rising titre between acute and convalescent sera (at least four-fold) is 
regarded as significant. A titre of 1 in 20 or over is regarded by some workers 
as suggestive. 

Sm should not be screened by using a single low dilution tube method 
as a proseone is frequently observed. I 


“COLD AGGLUTINATION’’ REACTION 

It has been shown that in cases of primary atypical pneumonia foe serum 
may ag^utinate at low temperatures hxunan eryriuocytes of foe blood group 
O. This reaction is absent in other types of pneumonia, other infections of 
foe respiratory passages and normal infoviduids, and has been suggested as a 
mfiar^a of Confirming a diagnosis of atypical pneumonia. The reaction, 
however, tends to be late in its appearance during the illness. The test can be 
carried out quantitatively by prq)arin^ a series of nine doubling dilutions of 
serum from 1 in 8 to 1 in 2048 and admng to each an equal volume of a 0-2 per 
<^n». ip finynaion of Washed group O human red celu. The mixtures are 
plac^ in a refrieeralor at 0°-4° C. overnight after which readings of ag^udna- 
rion are tnadi» ^ Bhnlfing the tubes and observing clumped cells with foe 
naked eye. As foe agglutinin is readily absorbed by eryforocytM at low 
temperature, the serum should be separated from the bl<^ spwimen at a 
temperature above 20° C. A titre of 1 in 32 or 1 in 64 (in terms of tlus final 
dthirinn of seium after addition red cells) may be consictered significant, but 
much hkher titres have been recorded. 

Ahi^ proportion of the cases of prinuuy atypical pneumonia ^85-90 
cent.) that ^ve positive cold i^hitination reactions are associated with 
infecriiHi wkh Eaton’-s (Myceplamta homms, tee p. 495). 


ms RAUL4KJNNELL REACTION 

] 0»f4 n g and alter an attack infectious mmomdeomt an 
aheepined bfeod cdla » fnesHtf in the sourii and is of lyagaosrie 
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The test is performed as follows. Heat the serum at S5^ C. for 20 
a senes of doubling dilutions of the serum with salix^ in 0*5 nd* 
nn*?*?***^ tubes, ranging from 1 in 16 to 1 in 1024^ as described on 
P’ , j j ^ a^lutinaUon tests. A control tube containing only saline is 
mcludea Add to each tube 0*5 ml. of a 1 per cent, suspenmn of sheep red 
corpu8cl<» m saline, washed as for the Wassermaim test. Shake the tubes 
thoroi^hly and incubate at 37^^ C. for four hr. Note which tubes show 
agglutumrion of the red cells, and state the titre of the reaction in terms of 
the final dilution of the serum: Ist tube, 1 in 32; 2nd, 1 in 64; etc. Normal 
serum may agglutinate in low dilutions. A suggestive titre is 1 in 128, 
Repeated tests may reveal a rising titre. A significant titre is 1 in 256, 

If a second reading of results is made after the tubes have stood overnight 
at room temperature or in the refrigerator, they should be replaced at S?"" C. 
for one or ^o hr. This avoids fallacious results from ‘‘cold agglutination** 
(p. 912) which is reversible at 37® C. and, so far as is known, is not associated 
with infective mononucleosis. 

It should be noted that the reaction is negative in tuberculosis, leukaemia 
and Hodgkin*8 disease. 

In persons who have recently received an injection of a therapeutic serum 
(from the horse), an apparently similar hetcrophile antitedy (For88man*s 
antibody) may be present in considerable amount in the blood, since horse 
serum contains the appropriate heterophile antigen and stimulates the 
production of an antibody for sheep red cells. 

It has been pointed out by certain authors that the type of antibody 
present in infective mononucleosis differs in certain respects from the 
Forssman antibody, and also from that found in normal serum, and that thk 
difference can be determined by agglutinin-absorption tests as follows: — 


Antibody 

Treated with 
emulsion of 
guinea-pig kidney 

Treated with 
ox red cells 

Normal serum 

Absorbed 

Not absorbed 

After serum therapy 

Absorbed 

Absorbed 

Infective mononucleosis 

Not absorbed 

Absorbed 


It may be found, however, that the antibody present after serum tfaeta|^ 
is not absorbed by ox red cells and only partially ab^rbed by guiiiea«»pig 
kidn^ tissue, i.e. more closely resembles the antibody in normal serun^ 

The following method, a modification of Barrett’s (1941) tecfan^ue, nuqr 
adopted for determining these absorption effects. 

^^agmts 

1* PstUenfi ml. is required. Heat the senftn in a w^ter-bath 

at 56® C. for 30 min. 

2 . Pl^skdogical sMm* 

3.. 20 per kidney emulshn m saline.— Take several fredi 

kidneya afte removti^ any fat, cut into small pieces wilh 
^aah several rimes with »e3hn m remove all the blood, and madi 
3 M . 
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the tissue into a fine pulp in a mortar. To the pulp add four times its volume 
of saline and boil in a water-bath for 1 hr. Mow to cool, and add sufficient 
5 per cent* phenol to give a final concentration of 0*5 per cent Make up to 
original volume with distilled water. 

4. 20 per cent ox red cell suspension in saline. — ^Make a 20 per cent, sus- 
pension of washed ox cells in saline and treat in exactly the same way as the 
20 per cent, guinea-pig kidney emulsion described above. 

{Note: Both these antigens keep vreU at 4® C.) 

5. 2 per cent suspension of she^ ted cells. — ^Wash the sheep cells in saline 

and make a 2 per cent, suspension in saline. The cells should be more than 
one day and less than seven days old. / 

The Test 

Use 3-in. x |-in. test-tubes. 

In three separate test-tubes (a), (6) and (c) place: 

(u) 1*0 ml. saline. 

(J) 1*25 ml.^ of guinea-pig kidney emulsion. 

(r) 1*25 ml.^ of ox cell suspension. 

To each tube add 0*25 ml. of heated serum. Mow to stand for one hr. at 
room temperature, and then centrifuge tubes (b) and (r). 

Set up a rack containing three rows of 10 tubes. Into the last 9 of each 
row put 0*25 ml. saline. Into the first 2 tubes of the front row place 0*25 ml. 
of the diluted serum (a). From the mixture in the second tuoe carry over 
0*25 ml. to the third tube, and continue doubling dilutions to the end of the 
row. Repeat this process using the supernatant fluid from (6) and (c) in the 
middle and back rows respectively. 

To every tube add 0*1 ml. of the 2 per cent, suspension of sheep cells and 
mix thoroughly by shaking. 

The finS serum dilutions are 1 in 7, 1 in 14, 1 in 28, 1 in 56, etc. 

The test is read, after the tubes have stood for 24 hr. at room temperature, 
by removing the tubes from the rack and attempting to re-suspend the ceils 
by flicUng the tubes with the finger. The end-point is the highest dilution 
of serum in which the cells cannot be evenly sus^nded. The end-point can 
be made more clear-cut if the tubes arc centrifuged for 2 min, before rc- 
susp^ion of the cells is attempted. 

A pr'eliminary report can be made after the test has been set up for an 
hour, if the tubes are centrifuged before making the reading, but a final 
report should be postponed until the following day. 

A typical report in a case of glandular fever would be : 

Heterophile agglutinin for sh^p cells present in dilutions up to 1 in 448. 
The agglutinin is completely absorbed by ox cell s^pcnsion, but unafierted 
by guinea-pig kidney emulmn. Using tike absorption technique, as detailed 
^ve, a titre of 1 in 28 in rows (n) and (6) is significant 


TBSTS FOR RHEUMATOID ARTHRITIS SERUM FACTOR 

Sheep red bl^bd cells aetmtised with a rabbit anti-sheep erytiirocyte 
serum arc agglutinated by the sera of 70-80 per cent, of patients wilJi rheuma- 
toid artibrilM and positive reactions occur m some 2-o per emit or norma* 

» The extra quantity of material in tiiese tubei^ beOauiS M5 mL of a 20 ^ 

emnlaion or smqiension oontams only 1*0 niL Of nuid. ... 
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concerned is a macrogiobiiUn 
u “”® uAerited metabolic disturban^ sHiicb 
pre^^^fte mdividud to rheumatoid arthritis (KeUgren & BaU. 1959}, 

i-4-^asrrA-rssaiS 

<«?*rt»«rt«w test (DAT). 

Kei^ents, The sensittstng serum is prepared bv the method on n 0^4 

the test ^e se^ is irod at a dilution that just fails to agelutinate errriuo- 
^tM but wluch contains as high a haemolytic titre (see p. 934) as immiiiMf. 
Its haemagglutinating activity is determined by ad^^ 2 per cart^us- 
pen^n of sleep red bl^d cells to two series of four doubWseJSLSiZ 

1 ^ 70. After infuSTn foST: 
at 37 C. a riding is taken. The end point is the first tube in which wJlf 

ne^tiJe a:compl«tely 

prepared by mixing equal volumes of the haemolytic 
determmi^ requisite dilution and a 2 per cent suspeiXn 

few SitM^‘ ^ be used wriiin a 

rA0^.7^**r:7^®,P“**?}t’* serum, previously inactivated for 30 man. at 
56 C., u senaUy diluted in two-fold steps from 1 in 2 to 1 in 1024. Two 
sets of these dilurions are required; to one set is added mi equal volume of 
sensitised cells while the second set serves as a serum control and receives 
an Mi^ volume of 1-0 per cent unsensitised sheep cells. The tubes are 
meuba^ for one hour at 37° C. and Aen placed m the refrigerator until 
the ^ have completely settled. The reading is according to the pattern 
ot sedimented cells and the end point is taken as the last tube to show 
naemaggiutination, 

Ins^d of the saline diluent some workers prefer to use 2*5 per cent ».hffi? 
serum m sahne. Thfe ^ the effect of increasing the sensitivity of the tert 
spedfidty. The titre of positive sera is increased by tii» 
mrthod from two- to eight-fold but the test is rather more difficifftto read 
and end points are not so clear cut, 

Serum dtres of 16 or more are taken as positive and are foimd in rheuma*- 
toid arthri^ in 70-80 per cent, of cases, and abo in some cases of disseminated 
lupus er3rthiomatosis, scleroderma, and er 3 rthema multiibnnee 


AGGLimNATION TESTS USED FOR THE 

identification of certain ORGANIS&IS BT IkffilNE OS 

I^ECmC ANTISERA 

, I't this case the soaes of dilutions d^nds on the titetff the serum &r 
he homologous orgmusm. Thus, if the titre were 1 in Ip^OO, the following 
rmge (tf dilutiona mig^ be tested: 1 in 1000 to 1 32,000 in a series of doul^ag 
vlutKms. In geamid, lor ideiftifiGaticm of an unknown organism it ahmdd 
^^'^R^^m^pptuadmately as hig^ a serum-dUution as a known homo* 

If the otganism is a motile species and it is desired to identify botii H and 
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0 antigens, formolised and alcoholised suspensions respecdvdy are trated 
with H and 0 agglutinating antisera (tads o^a). It should be noted that in 
the Sdnumdla ^up the H antigen may occur in two pha^s, one of which 
may have non-specific characters. The serological identification of these 
organisms is considered more fully on p. 233 et seq. 

Special applications of the agglutination technique, e.g» in the identifica- 
tion of serological types, are referred to in later chapters. 


SLIDE AGGLUTINATION 

This method is useful where only small quantities <|f culture are av^ble, 
as in the identification of the whooping-cough bacillus, pr where agglutination 
is carried out with undiluted serum, e.g. in typing pheumococci or typing 
streptococci by Griffith’s method, and it is necessary to use as small a quantity 
as possible. The method may be applied likewise for identifpng organisms 
of the Salmonella and dysentery groups. Slide agglutinijtion is only practic- 
able when the clumping of organisms occurs witl^ a minute or so; it is not 
suitable where the mixture of organisms and serum has to be incubated. 

The procedure can be carried out quite readily on an ordinary slide, but 
where a number of agglutination tests have to be made it is more convenient 
to use a piece of Jpin. polished plate glass about 6 in. x 2 in. A long hori- 
zontal line is ruled with a grease pendl through the middle of the glaw from 
end|to end and then a number of lines are ruled at ^in. intenrals at right 
angles to this line, thereby dividing the glass into a scries of divisions. 

A drop of saline is pkced in one of the divisions and a small amount of 
culture from a solid medium emulsified in it by means of an inoculating loop. 
It is then examined through a hwid-lens (8 or 10 x), or the low-power 
microscope, to ascertain that the suspension is even and that the bacteria are 
well separated and not in visible clumps. With a small loop, 1 mm. diameter, 
made from thin platinum wire take up a drop of the serum and place it on the 
slide just beside the bacterial suspension. Mix the serum and bacterial 
suspension and examine with the hand lens, or place on the stage of the 
microscope. Agglutination when it occurs is rapid and the clumps cm be 
seen with the naked eye, but the use of some^iorm of magnification is an 
advamttge* For control purposes, two drops of saline can be placed in 
adjacw" divisions and bacterW culture emulsified in both, one only being 
mixed witii the serum. With streptococci a broth culture is used, and methods 
for obtaining suitable suspensions for the agglutination test are described on 
p. 159. Two dropiof suspension are placed on the slide and a small loopful sf 
the serum mixed with one of thdn and examined as described above. 

While the ^de agglutination test is rapid and convenient, its limi^tions 
must be realised. In order to obtain rapid agglutination the senm is used 
mulfiuted or in low dilutions. In consequence, it may contain normal 
agglutinins which give non-specific agglutination with orgpisms other than 
that against which the serum was prepare(^ Thus, wiffi regard to w 
Salmanetta group particularly, slide agglutination with its high ccuwntration 
of ag^utinins iriay show low-titre reactions with organisms outside the group, 
e.g. paracolon, which may also have somewhat siinilar Woch^c^ 

reactions. It is important therefme to confirm the slide test by quantitatij^ 
tests in tubes, particularly when any doubt luiaes or where predse resm® 
from agglutination tests are detir^ ^ — 
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PREPARATION OF AGGLUTINATING ANTISERA 

The instructioiis given here apply particularly to organiatna of the 5W- 
monetta and dysentery groups. 

Rabbits are used for immunisation, and large healthy should be 

selected, not under 2000 g. in weight. 

The purity and identity of the cu^toe used should be carefully ascertained 
beforehand, and in view of variability in antigenic composition the culture 
selected should be such that it represents the motile “smooth** form and the 
specific phase of the particular species (pp. 115, 235). 

The rabbits are injected intravenously (p. 1008) at intervals of five to seven 
days widi a suspension in saline of a 24 hr. slope culture killed by exposure 
for one hour at 60® C. The following series of doses may be given: 1 : 20, 

I : 10, 1 : 5, 1 : 3 and 1 : 2 culture. These doses are easily ineasured by 
emulsifying a slope culture in a given volume of saline and then inj'ecting 
:he appropriate fraction. 

In the case of organisms of high toxicity, e.g. Sh. shigae, it is necessary to 
itart with even lower doses, e.g. 1 : 100 of a culture. 

Other methods for standardising dosage may be used, e.g, where the doses 
ue stated in terms of the number of organisms, as in the administration of 
vaccines, but the system indicated above is simple and sufficiently accurate for 
ordinary purposes. *- 

With certain organisms, e.g. Salmonella group, higher litres may be 
obtained if living organisms are injected. To commence with, very small 
amounts, e.g. 0*01 ml., of a young living broth culture should be injected 
intravenously. As the animal becomes immune larger doses may be given 
until several ml. of the living culture can be tolerated. 

When separate H and O agglutinating antisera are required for motUe 
bacteria, immunisation is best carried out with selected strains known to be 
suitable for the purpose. For the production of the O agglutinin an alcohed- 
ised culture (p. 910} may be used as the antigen. A non-motile variant also 
serves well as a pure O antigen. In making tests with H and O antisera, 
formolised suspensions respectively are used. 

Seven to ten days after the last injection a specimen of blood is withdrawn 
from an ear vein (p. 1008) and the serum is tested for its agglutimtiimpower 
towards the strain used for immunisation. A series of dilutions is and 
if aggludnadon occurs in a 1 in 1600 or higher diludon,^ the animal is bfed 
from ffie neck vessels or by cardiac punkure (p. 1009), the blood is allowed 
to coagulate in a sterile stoppered or screw-capped bottk, placed ovem^t 
in the refrigerator, and the serum is then sej>arated. 0*1 ml. of a 5 per cent, 
&oludon of phenol in physiological salt soludon is added for each xnh of the 
serum-— equivalent to 0*5 per cent pure phenol. This prevents bactend 
growth resulting from any accidental contaminadon. (Glycerol may also be 
used as a pre ser vative, an equal volume being added to the serum, or 0*1 
per cent. jp-chloro-iif-cresoL} The serum may be stored in 1-mL or 5-inlv 
stoppered or soiew-capped l^tdes, or ampoules may be used, Al^msdv^yi 
it may be kept in sterue glass tub^ (S--? mm. bore), about 1 ml. in capacity, 
drawn out at both ends tocapilkiy dWension8;ffiembesamfiUedby suedom 
applying the mouth-piece used in pipetdng (p. 909), and the ends are ae^ra 
in the Bunsen The scrum should be toqit in the refrigei:imir/(dMmt 

^ Mom poweffol • i rrf o fctii vdng sera may, of course, be obtained; 1 in 1600 is msrety 

aiUNiM dsm diet ahMdd be 
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4^ C.) and win retain its potency for long periods fthree years). The tem- 
perature should not be allowed to Ikll below 0^ C. it phenol is used as a pre- 
servative, as ihe solidification of the s<^m by freezing may be deleterious 
owing to the separation out of the pjsenol in the pure state. If a refrigerator 
at —30*^ C. is available, antisera frozen solid can be preserved over a long 
. period. In this case no preservative is added to the serum. 

Antiserii can be preserved in the dry state by freeze drying (p. 806). The 
potency of antisera is retained over a considerably longer period when freeze- 
dried than whep stored in fluid form. / 


AGGLUpNIN-ABSORPnON l^TS 

Agglutinin^ like other antibodies, combine firmly With their homologous 
antigens# and by treating an agglutinating antiserum! with the homologous 
bacteria and then separating the organisms by centrifuging, it is found that 
the agglutinin has been ^‘absorbed” or removed by \ the organisms from 
the serum. 

In certain cases, to prove the serological identity of an uiiknown strain 
with a"^ particular species, it may be necessary to show not only that it is 
i^lutinated by a specific antiserum to approximately its titre but also that 
it can absorb from the the agglutinins for the known organis^m. This 
becomes necessary omng^ to the fact that, on immunising an animal with a 
particular bacterium, “group antibodies” for alfied orgj^sms are developed, 
and in some cases these may act in relatively high tiue.' “Absorption” with 
a heterologous strain would remove only the group agglutinins without affect- 
ing the s^dfic agglutinin. These effects aif exemplified in the Salmonella 
and Brucella groups. The general method of carrying out such absorption 
tests is to mix a dense suspension of the organism — e.g, 24 hours^ growth on 
a 4-in. plate of nutrient agar, suspended in 1 ml. saline and killed at 60^ C. 
(30 min.) — with an equal volume of a suitable dilution of the serum, e.g. 64 
times the concentration of the known titre. (The bacterial growth must have 
been tiioroughly washed with normal salt solution, ue. by mixing with several 
volumes of si^e, centiifugiiig and repeating the process 2-3 times). Thus, 
if the titre is 1 in 1600, the dilution used would be 1 in 25. The mixture is 
incubated for tWee to four hr. at %T C. and the serum is then separated from 
the bai&ria in a high-speed centrifuge. (In some cases for complete absorp- 
tion the process may require to be fepcated with a similar fr^h quantity of 
bacteria.) The dilution of the serum would now be approximately double 
th#original dilution — ^in the ex^ple taken {vide supra) 1 in 50. From die 
treated serum a series of doubling dilutions is prepared as in direct agglutina- 
tion tests, so that, when an equ^ volume of bacterial suspension is added, 
the series vriU reach to the known titre of the serum. In the example taken 
above, ^ following series of dilutions would be tested: 

linSO 1 in 100 1 in 200 1 i!|400 1 in 800, 
and ^r the addition of bacterial suspauion tliese would become 
1 in 100 1 in 200 1 in 400 1 In 800 1 in 1600 

A control tube h also induded» confruning snspenrion hat no serumi and the 
general technique is that employed in dirkt a^fotinatioii teitit ^ 
Vm, tbe idettdty ot o! ^ 

known (A) may he mveedgatsed by agghlinin^abmu^ aai foBovw' 



COATED-PAKTICLl AGGLUTINATION REACTIONS 

L Absod^y asatKive, antisenit&tOiimthadenBeraipMmibnofoxs^^^ 
jf as X-abaorbcd scrum* p ' 

2* Test the agglutinating pow^lof X-absorbed serum for A and X* 

(A control test would show that theiantiserum to A after absbrptkm ^lh 
A agglutinates neither organism.) 

Results ^ 

(a) The absorbed serum agglut^tes neither A not X. This indicates 
that the organisms are identical, beWse X has absorbed a^lutinins for A; 
to establish this conclusion completely an antiserum to X after absorption 
with A should agglutinate neither organism. 

(b) The absorbed serum fails to agglutinate X, but still aggliftinates A. 
This shows that the organisms are not identical,i because X has not absorbe^ 
the agglutinins for A^ though it has removed the heterologoiis ag^utimns* 

COATED-PARTICLE AGGLUTINATION REACTIONS 

ft 

The inert particles of polystyrene latex, collodion and bentonite, and red 
cells both treated with tannic acid and untreated, can be coated with a 
variety of protein antigens and also in the case of untreated red ceus, with 
polysaccharide antigens. They can then be used for the detection of antibody 
as shown by the agglutination of the coated particle^ The'haemagglutination 
tests arc the most sensitive and can detect as littlfe as 0*003 fig of smtibody 
measured as antibody nitrogien, which is about 10 times more sensitive than 
the most sensitive gel difiiision techniques (see p. 946). 

The value of these tests has increased considerably with the development 
of techniques for storing antigin-coated red cell preparations. A large batdi 
of cells can be coated with antigen and a standardised preparation is then 
available for use for some months afterwards. Of the various metho^ 
available probably the most useful is that described by Csizmas (1960) in 
which the cells arc formalinised by placing a dialysis bag of formalin ixi^ a 
beaker of carefully washed cells. After recovery from the form^in, the cdls 
can be stored in the refrigerator and after tanning and coating with tiie 
antigen, they may be stored at — 20® C. These techniques have the advant^e 
that in common with other agglutination reactions they can be used as anti- 
body titration metiiods. A large variety of antigens can be adsoA^^ on to 
cells or particles, and even two different antigens have been appSed to 
same red ceUs (Lecoq & Lintz, 1962) mt latex parfdes (Sin^r et al., tm\ 
The methods are simple to use and once a particular test is atandar^ed 
reproducible results can be obtained. t ^ 


Tanned Red Cell Agglutination Tests 

The KorhuxB of red blood cells are alt^ Ae cells rende^ mu^ 
more aeedutihftble by trestment with tannic add. This enwies «yas co«^ 
with vunoos antwens— ^rotdns and viruses— to he ^putmatro iw 
antibody. 'n»e method 1^ described employ diyro^ob^ h^ ttus co^ 
be replaced by any one of a large number of antigens. (For detaurf conaidw^ 
tion of the application of tlie test to the detection of Ayio^obulm autor 
antibodies aee Fuhhorpe et td., 1961.) 
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0 .g. pH 7*2 for ^ thyrt^bulin antibody test. One volume of duis bujSer 
is added to 9 volumes of 0*85 per cent NaGL 

(2) Tannic add solution, 1 : 20,000 made up fresh before use (12*5 mg. 
of analytical grade tannic add^ dissolved in 250 ml. of the buffer). 

(3) Defibrinated sheep blood not more than 1-2 days old. 

(4) Antigen at a concentration of 2 mg./ml. in the buffered saline e.g, 
human thryroglobulin prepared by the method of Derrien, Michel and Roche 
(1948). 

(5) 0*85 per cent. NaCl. 

(6) Rabbit or horse serum which has been inactivated for 30 min. at 
56^ C. and absorbed for 10 min. at room temperature with washed sheep red 
blood cells (approx. 0*1 mL of packed cells to 10 ml. os serum). 

Method^ " . \ 

(1) Wash about 20 ml. of the sheep blood there times (twice with 0*85 
per cent. NaCl and once with the phosphate buffered sa^e) in a one/ounce 
universal container. Centrifuge finally at 750 for 1^ min. to pack the 
cells. 

(2) Pipette 0*6 ml. of the packed cells into each of two universal con- 
tainers and add 10 ml. of buffered saline to each bottle to resuspend the cells. 

(3) Add 10 ml. of the 1 : 20,000 tannic add solution to each container, 
shake and incubate for 15 min. at 37^ C. 

(4) Centrifuge the bottles at 750 g. for 5 min. and discard the supernatant, 

resuspend cells in each container in 20 ml. of buffer, centrifuge for a similar 
period and discard the supernatant. 1 

(5) Lay one container of cells aside; this will be used as the source of 
uncoated cells for absorbing the heterophile agglutinins in the sera to be 
tested, and for various controls. 

(6) Resuspend the cells in the other container in 10 ml. of buffer and 
then add 10 ml. of buffer containing the antigen to be coated on to the cells. 
Incubate for 30 min. at 37"* C. shalung occasionally. 

(7) Centrifuge the coated cells for 5 min. at 750 g. and remove the 
supernatant 

(8) Wash these cells and the cells set aside (5) three times with the 
buffered salfoe made up to contain 1 per cent normal rabbit or horse serum 
(previously inactivated and absorbed), centrifuge for 5 min. at 750 g. on each 
occasion and discard the supernatant (Make sure each bottle is correctly 
labelled^ 

(9) Finally make up both batches of cells, f.e. the coated and the uncoated, 

to ^ ml. widi the buffer to which has been added the 1 per cent serum 
as in (8). " 

The Test 

(1) Inactivate the test sera for 30 min. at 56^ C. (not necessary for 
fon^nised celb 

(2) Add 0*1 ml. of inactivated serum to %9 ml. of the unooated cell 
preparation, leave on bench for 15 min. and centrifuge for 5 min. at 750 g< 
to recover the semm — wHdx is now diluted 1/10. 

^ Obtdnable from Meik moehemical Corp., U.S.A or Hopkim and WiEistm* 
Freshwater Road, Chadwdl Heath, E ss e x. 

^ As mods&ed by W. J. Herbeit, }965| personal cmfoMmesfion. . 

*^*p'*»* in sn M8E Minor bench 
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(3) Make 8 or more doubling or trebling dilutions of the senim in tjte 
buffered saline in 0*1 ml* volumes using a WHO plate* Add Q*1 ml# of 
the coated cells to each well and to a cmitrol well containii:]^ 0*1 

ml. of buffer only. Set up controls using uncoated ceUs with and wilmout 
serum. 

Read first for agglutination after 2 on the bench (20® C.) and after 
leaving overnight at 4® C. The end point is taken as the last cup showh^ 
a smooth mat of agglutinated cells with a crenated rim. Doubtful rei^dts 
appear as a smaller circle of cells having a dark outer rim and a negative 
result shows as a closely packed button of cells. The controls should dways 
be negative. 

lalinisatiofi of red cells (prior to t ann ing and coating) 

Mammalian or avian red blood cells can conveniently be preserved by 
the method of Csizmas (1960). The treated cells are morphologically iden- 
tical to normal red cells and withstand treatment with water or feezing and 
thawing. They may even be freeze dried without damage. They retain 
most of the surface properties of fresh red cells and can be tanned and coated 
with antigens or agglutinated by viruses. 

Method 

(1) Fresh (sheep) blood is washed five times with 0*85 percent, saline and 
the cells packed after the final wash (for 15 min. at 750 g.). (It is important to 
avoid any lysis). 

(2) 25 ml, of packed cells are resuspended to 200 ml. in phosphate 
buffered saline pH 7*2 and placed in a 500 ml. conical flask. 

(3) 50 ml. of formalin (40 per cent formaldehyde) is introduced into a 
len^h of dialysis tubing and tied off so that the tubing is only f full, but 
air is excluded, t .a. the Imot is tied in the tubing which has not b^n distmded 
with air one third of the total length of the tubing above the top of the 
formalin. 

(4) The filled dialysis tube is submerged in the cell suspension in the 
conical iladk, stoppered, and the whole gently agitated for 3*^ hr* at room 
temperature (20® C.) . Gross foaming should be avoided (a Matburn blood 
cell suspension mixer with a wire mesh glassware crate atteched is a suitable 
arrangement). 

(5) After 3-A hr. the swollen dialysis sac is punctured, the fbrfiialm 
allowed to mix directly with the cells and the empty sac xemoved. Genffe 
mixing is continued overnight. 

(6) At the end of this period the dark brown cell suspension is carc^^ 
decanted from the fiask into centrifuge bottles, leaving me surface scum of 
froth and damag ed cells behind (the cells m^ be filtered through gtt^ 10 
achieve this). The cdls arc then washed 5 times with 0*9 per cent, saffne to 
remove the fermsHn (for 10 min. at 750 g.). Gentle stirring of the 

with a rod helps to ensure adequate resuspension at each waribu 

(7) The celb are finally tpadc up to a 25 or a 50 per cent, in 

0*85 per cent, and stored at 4® C. or at —20® C. to be maoe up to a 
1 per cent auspenaion beftm use. .... 

The aupematant from the first wash after fbnnalimsatton is noimaSy 
very dark. 

FiaaSao T«t for 
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(1) Polystyrene latex unifoim sized particles 0*81 (i in diameter (Difco 
Bacto-latex).* Add 20 ml. of distilled water to 2 mL of the lat^ suspension 
and filter mrough Whatman 40 filter paper (the suspension will keep for 
months at 4“ C.). 

Borate buffer pH 8*2 (see page 853). 

^ , Stock gamma-globulm solution— 0*5 per cent, in borate buffer. 
To 0*1 g. of lyophylised human fraction II gamma globulin* add borate 
buffer in small increments, mixing well until 20 ml. have been added and 
the gamma ^obulin completely delved. This preparation will keep for 
several weeks at 4** C. 

The Test. (Bywaters & Scott, 1960) 

(1) Add 1 mL of the borate buffer to a series of 3 j ; ^ tubes, include one 
pibe for each test serum and one for a positive cont ol and another for a 
contrcd with buffer only. 

(2) Inactivate the sera for 30 min. at 56° C. and a<j 0*05 ml. of serum 
to each tube (t.e. a dilution of 1/20 of the serum). 

(3) To each serum dilution and to the controls add' 1 ml. of a mixture 
containing 1 per cent, stock latex and 5 per cent, stock gamma globt^n in 
borate buffer (for 10 ml. add 0*1 ml. of stock latex and 0*5 ml. of stock 
gamma-globulin to 9*5 ml. of buffer). 

(4) Shake the tubes carefully and incubate in a 56° C. water bath for 2 hr. 

(5) Prior to readily the tests centrifuge for 3 min. at 1000 g. 

Readings 

Opaque suspenmon, no deposit, — ve. 

Opaque siupension, minimal deposit, doubtful 

Partiwy cleared suspension, granular deposit, + 

Clear or almost clear supernatant, granular deposit, + + 

A reading of + or + + is regarded as positive, ± is of doubtful signi- 
ficance. 


FLOCCULATION TESTS FOR SYPmLIS 

The direct mixture of syphilitic sera with antigens of the type used in the 
Wassermann reaction results in the appeSrance of a flocculent deposit which 
is easily seat with the hand lens and which may also be visible to the naked 
eye. Such reactions, however, may occur in non-syphilitic infections {eg- 
tuterculosts, leprosy, malaria, hepatitis, infectious mononucleosis, etc.) and 
the Mts are therefore sensitive to many different types of infection. It is 
however, posuUe to reduce the sensitivity of the reaction by adjusting the 
ronditkms under which thw test is perfinmed and to render the test ahnost 
specific for syphilis; many fiocculation reactions give results that a» closely 
panM to riiose of the complement-fixation technique. The value of 
flocculation teats lies in the omplicity of the technique employed and the 
foct that they can be carried out in places udiere con^Iement and the ra>gei>^ 
of the haemcflytic system of the Wassermann tisM are not available. Ideally 
tte tests are used as a fiirst screening investigation and any poutive sera are 
tJm stfojecbed to the full Wassermann test. Man^ varieties of the floccula- 
tion reaction ate described and the Meinicke, Hmton, Mazzini and 
tots are aD in ctmunon use together with foe test emph^ring foe cardtoUpid 

* Baiid A TMlock Ltd, Lmdba. 

■ Notritboal Btoehenkid CononUioii, U.SA-, obtaintUs tisooid> L. Mifotftt'O.. 
43elBl»Oidi, BodEK «n Koddt Lm, Khidby, livetpbol. 



THK KAHN TEST 


antigen devaed by die Venereal Disease Research Laboratory. TWs lat^ 
test has been in lue in the Bacteriology Department of E^bnrgh Uai'maity 
and can be recommended as a simple and reliable tedmique. 

THE VDRL nXXXmATIOH 1EST 

A rapid screening test which is nmple to perform is cd great value in 
j faling vdth large numbers of sera. The following mediod is that described 
in the Bulletin of WHO (1951) and is very satisfactory. The following 
reagents are required. 

(1) Antigen. This has the following composition: 


Cardiolipin 

Ledthin 

Cholesterol 


0-03 per cent 
0-24 per cent 
0*9 per cent. 


It may be purchased from Messrs. Burroughs Wellcome & Co., London. 

(2) Diluent. Buffered saline prepared as follows: 


Formaldehyde, neutral reagent grade 
Na.HP04, 12H,0 . 

KHJPO, .... 

NaCl 

Distilled water 


O'S ml. 
0-093 g. 
0-170 g. 

10-0 g. 

1000 mL 


This solution has a pH of 6-0 +0-1. .... 

(3) UtAuffered Saline. 1-0 per cent sodium chlonde. 

(4) Serum under test. Prepared and inactivated as for the Wassermann 

****(5) Antaen Emulsion. In a stoppered bottle place 0-4 of the Inured 
saline and add to it drop by drop from a pipette 0-5 t^. of anUgen. 
that the antigen is added during a period of approximately 6 8«» ^ 

the botde is rontinuously rotated during time. After the adcfahon, ^ 
bottle is rotated vigorously for a further 10 sec. Ifow add 3-6 of 1 0 ^ 
rfpt , unbuffered salbe. Mix well and allow to stand for 5 min., but not 

longer than 2 hr., before use. 

The QuaUtaiive Serum Test 

Use 3xi in. tubes. Transfer 0-5 ml. “T 
to it 0-5 mL dUutcd antigen. Place m a rack m 
for 5 ndn. The tubes are now spun at alwut im 
in a straight-beaded centrifuge. Afto this the ^bra 
exactly ow minute and the test is read at once. 

or very faintly turbid medium are read as posi^e. Ashg y 

ancc 5th a “«lken swirl" on gentle shaking is tBe typi<^ neg^ 

AU horioltoe b. 

««d quutiniivd, wi* toWkn* 

rangiij from I in 2 to 1 in 64. The weakest dilution giving a postfive 
reaction is reported as the titre of the serum. 

THE KAHN ILOCCSHATION TEST 
Apparatus reamed , „ ^ 
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(2) Flat-bottom glass cylinders, IJx J in., for the preparation of the 
diluted antigen. ^ 

(i) 1-ml. and 0*1 ml. graduated pipettes as usid in the Wassermann test. 
(4; Special pipettes: one graduated from the tip to deliver 0*0125, 0*025 
and 0*05 ml. respectively; the other with one graduation to deliver 0*15 ml. 
(5) Suitable racks for the tubes. 


n) Patient’s serum — at least 0*5 mL required. 

(2) Antigen^ — ‘^Bacto” Kahn standard antigen which can be obtained 
commercially* is also recommended as being satisfa^ry in stability and 
sensitivity. Alternatively, it can be made from “Bi ' ’ Beef Heart.® 


0*85 per cent, sodiiun chloride in distilled v 
(4) Control sera — ^at least four should be include 
these should be selected according to previous results 
+ ,+ +,+ + + (tnde infra). All sera tested are h 
min. before testing. For full details of the test and 
antigen see K^m (1928). 


in any set of tests; 
follows: Negative, 
at 55® C. for 30 
preparation of the 


Dilution of antigen 

The antigen is diluted with saline in the proportions prescribed for the 
preparation — usually 1 : 1*1. 

(H Ascertain the total volume of diluted antigen required for the set of 
tests by multiplying the number of sera by 0*0875 ml. (thp volume of diluted 
antigen required for one serum) and addmg to this figure 0*3 ml. for loss in 
pipetting, etc. No more than is suiBcient for 40 tests should be made up 
at one time. 

(2) Pipette separately into each of two small cylinders (referred to above) 
the volumes of normal saline and undiluted antigen required to yield in the 
prescribed proportions the total bulk of diluted antigen. 

(3) Add the saline from one cylinder rapidly to the antigen in the other 
and mix by pouring from one cylinder to the other five or six times. 

The diluted antigen should be used for the test not less than 10 min. and 
not more than 30 min. after mixture. 

The test for each serum is set up as follows: 

Tube .... 1 2 3 

Add dUuted antigen . . 0*05 ml. 0*025 ml. 0*0125 ml. 

Add serum .... 0*15 ml. 0*15 ml 0*15 ml. 

The tubes are shaken by hancLor preferably in a special shaking machine 
at 270 oscillations a minute for 3 min. (After shaking, incubation in a water- 
at 37® C. for 15 min. or ^||^incubator at 37® C. for 20 min. is advantageous.) 

Then add saline 1*0 ml. 0*5 ml. 0*5 ml. 

Readings are now made. 

The following an^en control is included in each set of tests: 

Tube . ' . 1 2 

Add diluted antigen ^ 0*05 ml. 0*025 ml. 0*0125 ml 

Mdmline . 045 mL 0*15 mL 0*15 ml» 

^ Obtainable from Medical Research Council Venereal Diseases Rel^ihce Lahera* 
tory, Ashfield Street', Whitechapri, London, E.I. 

* Obtainable from Baird ft Tatlock Ltd., London. 
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Shake tubes as above. 

Incubate as above. 

Then add wrfiJis 1-0 ml. 0*5 ml. 0^5 ml. 

JVb^. — Instead of ming a calibrated volumetric pipette for the antigen 
dilution, a dropping pipette, external diameter at tip equivalent to a 
No. 55 Morse gauge hole of a Starrett plate, may be substituted. One drop 
from this pipette equals 0*0125 ml., two drops equal 0*625 ml., and four drops 
equal 0*05 ml. For patient’s serum a pipette with external diameter of 2*8 
mm. will deliver 0*15 ml. of serum in three drops at the rate of one drop per 
sec. (Kh^at, 1952). 

Reading of results. — ^The tubes should be held in a sloped position and 
the fluid viewed (if necessary with an 8x hand-lens) in a strong light agrinst 
a dark background or the concave surface of a microscope mirror. 

The following results may be observed in individual tubes : 

- = the fluid remaining uniformly opaebcent. 

-I- = minute floccules just visible to the naked eye throughout the fluid. 

+ -f + -f — large floccules sedimenting completely in the tube. 

4 - 4* and + + + = intermediate degrees of floccidation. 

The interpretation of results is illustrated as follows: 


Tube 

1 

2 

3 

Average 

Result 

Diagnostic 

interpretation 

Serum A 

M B 

M C 
„ D 
E 

„ F 

II ^ 1 

M H 
.. I 

4 + + + 

4 4 + 

+ + + 
444 

4 

4 

VvV" 

444 

44 

44 

4 1 
± 

V ^ 1 

44 / 
44 

44 


Strongly positive 

Strongly positive 

Positive 

Weakly positive 
Doubmil 

Negative 


THE KAHN VERmCAHON TEST 

This test was introduced by Kahn (1946, 1941) with the object of ascer* 
taining whether weak or doubtful reactions obtained by his standa^ floccula^ 
tion test are non-^>ecific or definitely significant of sjqihihtic infection. From 
studies of *Talse positive” reactions he concluded that a poritive re^lt 
in some ca s ea be related to biological changes apart from sypbihc infection 
but that r hb non-specific reaction can often differentiated from die true 
syphilis reaction by the occurrence of a stronger effect at 2® C. dian at 37^ Q. 
or the absence of flocculation at the higher temperature. He has thb 
the '^generel biologic type” of reaction and regards it as non-^syphiim, im 
reaction in fihe syphilitic case being usually stronger at 37^* C., than at lower 
temperatures. . 

In carrying out such comparative tests at different temperatures tne 
reagents before mixing must be adjusted to the particular tempen^m. 
Thus, for the test at 37® C., pipettes, tubes and racks w plmd in • 37® p- 
watfer-bath for fifteen minutes before perfon^ce of Ae 
the diluted anfipm, serum and saline are similarly kept at 37 C. oeiciee'mc 
®^hctures ate inade^ further, at riBi stages of Ae test Ae re^iired tenqperstmp 
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is maintained as far as possible. In carrying out the test at the low tempera- 
ture, an ice>water bath can be used in the same way as the 37° C. water-bath, 
the worldng temperature being about 2° C. Otherwise the test is performed 
as in the standard procedure (p. 923). 

. The various types of comparative results are illustrated in the following 
Table: .. 


4 

At room 


Classification 

At 37** C 

tempera- 

At 2* C. 

of 


tore. 


result 

+ + + +or+ + + 

"f + 

+ + 

+ or — 1 


1 Syphilitic 

+ or — 

*+ + 

4- 4* 4- + or 4* 4-' 

1+ 

1 General 
/ Biologic 

— 

— 

+ 4- 


4° + 

4- + 

4-4- 

\ 

1 

— 

4- 

\ 

> Inconclusive 

+ + 

1 

+ 4- 

J 

- 



Negative 


It may be noted that the application of this “verification” test has shown 
that the sensitivity of the syphilitic reaction is increased at 37° C. as compared 
with room temperature, i.e. the temperature of the standard tesL 

The comparative test at 37° C. and 2° C. is of value when the usual Kahn 
reaction is weak or doubtful or when there is some discrepancy between the 
serological result and the clinical findings. It is of similar value when other 
syphilis serum tests also give a weak or doubtful result Of course, it must 
be recognised that in a proportion of such cases even the “verification” test 
is inconclusive. 


COMPLEMENT FIXATION METHODS 

Comi^ement fixation techniques are among the most frequently used 
serologi^ methods and can be employed with either soluble or particulate 
antigens for the detection either of antigen or of antibody. Fig. 73 (we 
dupter 8 for a description of the general mechanism). The great sensitivity 
of tiie con^ement focation test is useful for the detection of antibodies to 
soluble smt^^ens where visible precipitates usually only form mth qumtities 
of over 1 /ig of antibody nitrogen-. As littie as 0*08 ^ of antibody nitiogen 
has been detected by means of complement fixation. The ouantitative 
complement fixation methodoipf Mayer et al. (1948) has been wid^ used for 
the quantitative ^termination of antigens and to study tiidr physical and 
chemical character. Studies of this employed photometric me&ods for 
the measurement of haemolyris and have talwn into account the role of 
aiul nuqpierium ioM in the reaction. It was pointed out by Wallace, 
Osier and Mayer (1950) that the complement fixing titre of antiserum is not 
strictly a refi^on of the antibo4y content of me serum since differed 
sanqiles rriblfit antisera to bqip^ seamn albumin containing tim same 
amount of antibody nitrogen nuqrWy in their opuaty to fix common^ 
Condabkm with tim inuminisatioa schedules shouw that rite ■a winws wh»h 
had received two ooutpes <rf immunisation fix^ mote cmiqilemait pm unit 
totfoody than less fa^^y immunised a nim al s . Htus , t^ o on q rf ement 
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fixing titrc of an antiserum is a reflection of both tibe quantity and <{iia&ty 
of an antibody. 

One of the important problems associated with complement fiaadon tests 
is that of the anti-complementary activity of the serum. Antscomplementary 
effects may result from the aggregation of gamma-fflobidins sudb as takes 
place on heating or other forms of denaturation nr abnormal or nuM 
gamma dobuUns are present as in myelomatosis and systemic lupus erythema- 
tosus. The anti-complementary activity that may develop in norm^ serum 
kept at room temperature for a few days, presents no problem as it can be 
eliminated easily by heating at 56® C. for 30 minutes. Unfortunately otiha: 
anticomplementary activities of antisera and antigens are not sufficiently 
understood to enable the serobgist to overcome them regularly. It is, 
however, very important to take into account these anticomplementary 
effects when carrying out the determinatian of the amount of complement 
for use in any particular test. 

DIAGRAM ILLUSTRATING THE POSSIBLE RESULTS 
OF A COMPLEMENT FIXATION TEST 


kiN«iTiico''sM£CP RBC» POSITIVE NEGATIVE 
ADDED (coated WITH TEST TEST 

ANTI-- SHEEP CELL SERUM } 


tst STEP 

^ 

INCUS ATION 
AT 37* C 






antf STEP 


INC US ATION 
AT $T C 


• .•f* HAEMOLYSIS 




NO 


NORMAL 
R S C s' 



TEST SERUM 
COMPLtMlNT* 
ANTtSEN 


IF TEST SERUM CONTAINS 
SPECIFIC ANTISOOY FOR 
ANTIGEN COMPLEMENT 
WILL BE USED UP DURING 
\%\ STEP AND WICL NOT 
BE AVAILABLE TO LYSE 
SENSITISED RBCS' IN 
tM STEP. 

Fio.73 


IF TEST SERUM CONTAINB 
NO SPECIFIC ANTIRODY 
FOR ANTIGEN COMPLEMENT 
WILL HOT BE USEO UP IN 
|»t STEP AND WILL STILL 
BE AVAILABLE TO tVSt 
SENSITUED ABCs' IN 
SnS STEP 


The amgbOmatutg eompUment adsorpHm sheep 

coated with anti-sheep cell antibody are mixed with ^ horn ser^ ^ 
horse comidemmtt is Uiund to the antibody ^ted 

ceUs as horse oonudement is non lytic. It these cells are eiqpMed to b o vine 
serum thw will be^^Iutinated due to the presence of a g^bi^ empo^ 
known n miglutm^ Should the ho« 

-a 

not be This is the basis of the conghitini^tf m 

absotptioii teat re-devtskmed by Cowtdis and hia ttaodiatea (sea 
^^oomba, and Ingram. IW)- . 
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WASSERMANN SYPHILIS REACTION 

This reaction depemis on the ^^fbcation^’ of complement by a suspension 
of a phosphatide lipoid (similar to lecithin and extracted from certain normal 
animal tissues) along with the heated serum of a person infected with syphilis, 
and constitutes an important diagnostic test 

For complement**f]iation tests, an indicator of the presence of complement 
is required. The ‘‘haemolytic system” used in these tests, serves this purpose 
(p. 933). It insists of the red corpuscles of a particular animal species 
“sensitised” with the corresponding haemolytic antibody, e.g, the red cells 
of the ox or sheep plus the serum of a rabbit that has been immunised with 
the red cells of the species used. The immune body the serum is thermo- 
stable. The serum is heated at 56^^ C. to annul natural complement, 
and stored in bottles or tubes or preserved in the dry ate (vide infra). The 
heated serum is non-haemolytic by itself, but in the presence of a suitable 
complement brings about lysis of the homologous red »rpuscles. Fixation of 
complement is denoted by the absence of lysis in the haemolytic system. 

In its simplest form the Wassermann reaction c^ be represented as 
follows: 


MMMOLrrte 

"AemQ£N " Spmri/frc ^ sysrm^ 

(lipoid suspension) Hme/Mj 

♦ Previously heated at 56® C. m msereaetms. 

^ 




4- G»W£/¥£/yrll 


wrij efA 

w 


Fig. 74 


£esui.r- 


It should be noted that the Wassermann test must be carried out on a 
quantitative basis. Not only must it indicate whether the reaction is positive, 
but the various degrees of the reaction have also to be determined, from a 
strong positive (4* 4 4 ) to a weak positive (4) or a doubtful positive ( ± ). 
Quantitative testing is most important in assessing the value of treatment 
or the completeness of cure. 

The technical application of the reaction demands a very accurate stand- 
ardisation of each reagent. Further, the amount of complement used in 
relation to the quantities of antigen and serum must be adjusted with such 
delioicy that Ae weakest reactions can be accepted as significant 

Several modifications of the 'test are employed, al&ough the essential 
principles are the same. Some workers use constant amounts of antigen and 
of the patients serum with varyii^ amounts of complement An example 
of this method is Harrison*s tedbnique as modified by Wyler and described 
in previous editions. Other workers hold the amounts of antigen and 
complement constant and mploy varying amounts of patient’s scrum. Two 
examples of the latfer procedure are described. Method I (Price’s (1950b) 
modi&ation of the Wyler (19^,|nd 1934) technique) is a convenient and 
rapid one*tube screening procediriie in which small volumes of the reagents 
are added bv a dtooDing techntoue. 

Meiliod H (Emmet) mn^oys Uuigmr volume* mmumred Iqr gndu*^ 
pipette*. Overn^;ht fixation m the cold at 4® C. is uaed. IwiB^hoa 
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the ^vantage thtf ^can be adapted readify for use Tfith. other 

as those piepared from the Reiter spirochaete or from other bacteria 

viruses. 


Method I 

Aotifeo^ 

Ffisk ox hearts are obtained from the slaughter house and are freed of 
and connective tissue. They are cut into pieces no longer than 1 cm. 
weighed. About 50 g. of the cut muscle is pounded with powdered glass, in 
a mortar for a minute of two. This mixture is transferred to a 2 litre 
and 9 mL absolute alcohol are added for every gram of muscle. Not more 
than 100 g. muscle should be treated in one flasfc . The flask is now tightly 
stoppered, shaken thoroughly, and left for five days at room temperature in 
a dark cupboard. The flask must be shaken well every day. The mixture 
is now filtered through No. 1 Whatman filter paper at room temperature 
is stored in the refrigerator overnight. Filter once again through Whatmm 
No. 1 filter paper while still cold in the refrigerator. Store the fi lt rate in 
amber glass bottles away from the light in a cool place. 

For use, 6 parts of the alcoholic extract are added to 4 parts of a 1 per cent, 
solution of cholesterol and this mixture is then diluted with ftaUn#* according 
to the optimal titre of the antigen. If, for example, the optimal titre is 320, 
0*25 ml. of the cholesterol antigen mixture is accurately pipetted to the 
bottom of a 100 ml. measuring cylinder and 80 ml. saline is measured into a 
similar cylinder. The saline is now poured rapidly into the measure con- 
taining die antigen and the mixture is completed by pouring from one 
cylinder to the other six times. The resultant opalescent mixture is the anti- 
gen to be used in the test; it should stand for 20 min. before use and can be 
used throughout the working day. It should not be used after 8 hr. 

Human heart muscle has alwa 3 rs been reputed to make a very sensitive 
Wassermann antigen but recent work indicates that it may give non-sp^fic 
results. 

Before use the antigen must be tested in the following three ways; (1) it 
must be shown to have complement-fisdng ability; (2) the anti-ccmiple- 
mentary action of the antigen must be determined by itself and also in the 
presence of normal serum; and (3) the antigen must be titrated by the metlmd 
of optimal proportion to discover the appropriate dilution to be used in the 
test. With commercially prepared antigens these steps have usually been 
carried out by the makers who supply instructions for the use their 
product in the test. Full detaUs of me method of titration of aiiti|eiis are 
given by Price (1950a) but the essential steps are as follows. First, the 
anticomplement^ activity of the antigen in the presence of normal seram 
is determined. To accomplish t^ a chess-board titration is set up g 
series of anijgen dilutions and a series of complement dilutions. The antig^ 
is prepared in seven doubling dilutions from 1 in 20 to 1 in 1280 and llie 
implement in seven dilutions ranging from 1 in 10, 1 in 20 ancl so on te 
1 in 70. Faeh tube al so ^n*^**^*^ normal human serum and the hsetno l ^^ 
83^tem (mde i^o). When the titration is read tite complemwt titre for ear^ 
antigen dilution is recorded and from these figures tiie ^^diggnostic dbses*^ 
of complement needed in tiie next step is calculated by tibe meting bn , ^ 

The Optinud Proportion Titration of the Employs the same 

series of antigen dilutions that were used in determining the anti-cmnsde- 

- ^ A tuitabla antigen (Maltaner Cardioliphi Antigen) is availsMc comnMnekforfosm 
Messrs. Bunoiii^ WdObcnn^ London. 

3 N 
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oanitaty activity. They axe set up m a £reah chessboard titratioa iffiakst a 
ae^ (tt seven dilutioas a po^ve semm ranging £eam 1 in 10, 1 m 20 to 
1 in 70. To each seram^-antigen mixture the appropriate “diagnostic dose” 
of complement, and (after an intervd for fixation) we haemdi 3 rtic system is 
added. The known positive serum is preferably of moderate stren^ with 
a tibre of about 1 in The end pmnt of the titration is that ant^n dilution 

which reacts with the greatest dilution of the serum. It is often necessary 
to read rite result by interpolation and mnce the reactivity may be spread 
aver a zone of antigen dilutions it is permissible to take the mid-point of the 
zone as m end point. As a final step this antigen dilution is taken as a working 
suqiension and retitrated to determine the amount of it to be used in the 
test proper. The antigen suq>ension is now diluted in saline in a series of 
seven doubling dilutions ranging from 1 in 2 to 1 in M. It is next set up in 
a chessboard titration against the positive serum diluted 1 in 2, 1 in 4 and so 
on to 1 in 64. The volumes of reagents used and thip technical procedures 
are those described on p. 935. 

Catdiol^rin (as Antigen in the Syphilis Semm Reactions) 

This substance isolated from the phosphatide fractioh of lipoidal extracts 
of heart muscle, has been extenrively used in recent years in the Wassermann 
and flocculation tests for syphilis. It has been claimed that cardiolipin yields 
more specific results than those obtained with the unpurified lipoid prepara- 
tions usually employed as antigen in these reactions. It is riso supposed 
that the specific activity of these lipoid preparations with syphilitic sera 
depends on “cardioUpin'*. This substance contains phosphorus but no 
nitrogen; on saponification it yields fatty acids, a non-reducing carbohydrate, 
and phosphoric add. ' 

In the syphilis reactions it is used along with ledthin and cholesterol, and 
preparations containing an appropriate admixture of these constituents are 
available for di^nostic tests, e.g. the cardiolipin (Whitechapel) antigen, 
obtainable from Burroughs Wellcome & Co., London, which has the follow- 
ing composition: cardiolipin 0*05 per cent, lecithin 0-05 per cent, and 
diolesterol 0-5 per cent The titre in which the antigen should be u^ is 
specified by the makers. This antigen is suitable for the Wassermann test, 
in substitution for the original antigen employed in this metlwd. 

Fatirat’s Semm 

A i^>ectinen of blood is obtained by vein puncture as for blood culture. 
The blood is then placed in a sterile stoppered test-tube or screw-capped 
bottle and allowed to copulate. It is advisable to obtain about 5 ml. blood. 
The serum is pipetted off after separation and heated in a water-bath at 56” C. 
for 30 min. atiiangtlmmat^ w^^laey of tum-spmfic fixation ^ectstohiiA 
occur tetik tuumd wikeated sera plus tke antigen ; it also deprives the serum 
(ff its oomplementit^ property. 

It is thmi^t rirat we albumin fraction in unheated i^hilitic serum mj 
act as a protective colloid and riut it tends to reduce preaphation m floccula- 
tion reactions. Heating the fraction eiiimnates tius ^ect 

Fretii or spet^lfy preserved ^unek-pk serum is med. It oontrim a" 
active hmmolytic oomfriedooent for the red corfmaefes of the ox or she^ 
aensitiaed with the ho m o k ^us hacmdtytic antibody. When frnsb aen^ 
used, the blood is obtained 12 to 18 hr. before the test by severing the u<f 
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vessels of tto ae^ wcr a 6-in. funnel, from which the blood k ooUeetn# 
in a me^ring^linder; it is allowed to coagulate and stand overra|to m Ibe 
rcfrigws^r. m implement m serum too i*c«dy viffthdrwJmla m n 
be e«^wvdy fixable , and m consequence is unsuitabte for fihe Wasset* 
maim test* 

if guinea-iHgp should be used. 

It shoula be noted that complement is unstable and deteriorates <m 
keeping Bt ordinary temperatures,^ It is advisable thron^out the experiinMt 
to keep the guine^pig semm on ice. If storage at ---30® C. is available the 
fresh serum may be divided into small portions and kept frozen for a few 
weeks. 

It now a general practice to use specially preserved serum pooled feosxt 
a number of animals. ^ 


Preservation of Complement 

For the presemtion of complement two principles have been toplied: 

(1) rapid drying of Ae serum from Ae frozen state m vacuo (‘^freeze-drying**) 
and the reconstitution of Ae serum when required by Assolving Ac dried 
material in Ae appropriate amount of distilled water; this is exempted by 
Raytt^ s method for Ae preservation of bacterial cultures and scrum a$ 
described on p, 808 ; and this technique is also recommended for complement- 
scrum, particularly when Ae complement may not be used for some j 

(2) addition to the liquid serum of so Aum chloride or oAer salts in hypertonic 
concentration; is exemplified by Richardson's method and Ae sodium 
acetate boric acid method. Preservation of Ae complement-scrum in Ae 
liquid state constitutes a simple and convenient procedure. 

Richordsorf s ikfetAod.— ■Preservation of liquid complement-serum in 
hypertorac salt solution is eflfective provided ^ pH is adjusted to 6-6*4. 
A convenient method, employing borate-buffer-sorbitol for control of pH, 
is described here (Ric^dwn, 1941). 

Two stock solutions, which keep indefinitely, are used: 

(i4) Boric arid fH,BO,) 0*93 g., borax (N8,B«H„ lOH.O) 2*29 g., and 
sorbitol (C,Hi.O„ fH^O) 11*74 g. are dissolved in and made up to 100 mL 
with saturated NaCl solution. The resulting molar concentrations are: 
0*27 M boric arid, 0*12 M sodium borate, 0*6 M sorbitol in satun^ed sodium 
chloride. 

(B) Borax 0*57 g. and sodium azide (NaN^ 0*81 g. are dissolved and 
made up to 100 n£ with saturated NaQ solution. The restdA^ mriaf 
concentrations are: 0*03 M boric arid, 0-03 M sodium borate, 0*125 M soifium 
azide in saturated sodium chloride. 

To presove complnnent-serum, mix 8 parts of sourn widi 1 put of 
solution B, followed fay 1 part of solution A This treated serum ke^ vlay 
well even at rooin temperature. At 0°-3‘’ C., loss of titre is not noari)al;te 
until after rix to nine tpon ths. The mixture contains 0*03 M boric 
0*015 M sodiuin bonite, 0*06 M sorbitol, and 0*0125 ilf sodium tride. 

For use as 1 fri 20 oomfdenwnt, 1 part of preserved serum is dfitited sritlt 
7 parts of dzstUsd ysatur. Asy fortfau* dilution fr(Hn this 1 in lOmktuse^ 
made srith «ad»tw- serum should not be kept mote than an hour of 

Accortfei y to tin case of faulty briariour in tto Wmktaam 

reaction AttributsUe to pteserved serum baa crane to notice. 

Prtmvtakm iy Sodium Aeetate.—k vtty ample and most conveitieat 

rnethod preserving ooomiement is to sdd to tiie aenim an equal volnnie «f 

a solution of 12 per sodium acetate and 4 ptf cent boric arid in iffi^ed 

(Soanea&iieii, 1930). The serum is kept in sterite sctew-ctqpped 
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bottles at approximately 4'' C. The full haemolytic activity of the serum 
and the fixaoility of the complement in the Waasmnann reaction are 
maintained for atout months. It should be noted in using this preserved 
complement that it represents a 1 in 2 dilution of the orig^ serum. 

It should be noted that traces of zinc reduce the haemolytic activity of 
complement Since Analar preparations of sodium chloride ^ not at present 
limit the presoice of zinc, it is a wise precaution to idieck the diluents and 
solutions used in prepmng conmlement Traces of zinc are detected by 
turbidity on the Edition of a freshly prepared solution of 0*1 per cent, 
sodium di-ethyi^lithiocarbamate (WilUnson, 1950). 

Titration of Complement 

Price’s method (1949) is recommended. A pool of six or more normal 
sera and another of strongly reacting positive sera are required. Prepare 
a series of ten dilutions of complement in saline ranging from 1 in 10, 1 in 20, 
and on to 1 in 100. Set out five rows of 3 X J in. tubes^ follows: 

Row 1 has 10 tubes, to which are added: \ 

1 volume complement at dilutions 1 in IQ to 1 in 100 

2 volumes saline. 

Row 2 has 5 tubes, to which are added: 

1 volume complement dilutions at 1 in 10 to 1 in 50 

1 volume saline 

1 volume antigen diluted as in test 

Row 3 has 5 tubes, to which are added: 

1 volume complement dilutions at 1 in 10/ to 1 in 50 

1 volume saline 

4 voliune pooled normal serum 

1 volume antigen. 

Row 4 has 7 tubes, to which are added: 

1 volume complement dilutions at 1 in 10 to 1 in 70 

2 volumes saline 

\ volume pooled positive serum. 

Row 5 has 7 tubes, to which are added: 

1 volume complement dilutions at 1 in 10 to 1 in 70 

2 volumes saline 
volume normal serum. 

Plastic plates of the WHO type are a convenient alternative to the 3 x tubes. 
The ususd volume employed in the test is 0*11 ml., as in the Wyler technique, 
and the reagents are conveniently added by standard dropping pipettes 
attached to suitable separating funnels. Droppers of three different sizes are 
required (Donald’s Method) (1) for saline, complement and sensitised cells a 
piece of glass tubing is drawn out, inserted into a Rawco gauge and cut 
squarely at a point where its outside diameter is 0*75 cnu(2) For the antigen 
suspention a dropper is cut in the same manner mth an outside diameter of 
0*9 cm. (31 For wMuied human sera the pipette drq)per is inserted into the 
No. 56 hole in the Starrett gauge and cut as near to the surface of the gauge as 
possible. Pipettes {1) and (2) deliver per drop 0*11 mL of the reagaits fof 
wl^ fihey are designed* Pipette (3) odivers in 1 drop 0*022 of, inactivated 
human sera»i.a*^ the volume of that discharged by (1) and (2). Itism^^essary 
to check pipettes for accuracy before use. 

yfbm the reagents have bem added, the rack Is incubated for 1 
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jn A 37® C. bath. At the end of dus period, the ndc is w ma ved fiom 
the bath ^ to every tube is added 1 volume of Mmwt i wt d red Uood cells 
The wck IB returned to the bath for a further 30 the results ste 

then read. The last tube in the serial dilutions to show complete spadcling 
haemolysis 18 taken as the end-point 

Two amounts of complement will be needed in the test proper: (A) Fot 
the Serum Controls.— Tba dilution of complen«nt is the WW to show 
complete haemolysis in Row 4 or 5. This is the serum eott»^%>se. 

(B) For the Diagnostic Terf.— This dose is calculated by fairing fhe 
end-pomt in Row 3 and multiplying it by f For erampln, if 1 m 40 
were the end-point then the complement would be used at a dilution c£ 
1 5 5 1 

40^4*T60'*32* ^ diagnostic dose. The 25 per cent margin of 

extra complement used is sufficient to cover the occasional anti-comple** 
mentary activity of normal sera. 


Haemoljrtic System 

With guinea-pig complement^ a haemolytic system consisting of sheep 
red corpuscles sensitised with the appropriate haemolytic antibody is used, 

Defibrinated blood is obtained at the abattoir (p. 737). The required 
quantity is thoroughly mixed with several volumes of normal saline and then 
centrifuged to separate the corpuscles, the supernatant fluid being pipetted 
off. This process has generally been designated ^Vashing** the blood 
corpuscles and is repeated three or four times. The centrifuged deposit of 
corpuscles after the final washing is suspended in normal saSne to form a 
6 per cent, suspension. 

Standardisation of the Red Blood Cell Suspension 

Transfer exactly 1*0 ml. of the sus|^nsion to a special haematocrit tub 
(Price & Wilkinson, 1947).^ After centrifuging for ten minutes at 2500 r,p.m 
^e height of the column of packed cells is read off. The standard packed 
cell volume required in the test is 0*05 ml. and the original 6 per cent sus- 
pension is adjusted to this content by dilution by simple proportion. The 
following example shows the method of calculation: 

6 per cent suspension packed volume =0*057 

Desired padred cell volume . . =0*050 

Dilution factor . . . =1*14 

Thus, 0*14 ml. saline should be added to each 1*0 ml, of the original 6 per 
cent cell suspension. 

Equal volumes of rhia standard suspension and sal in e contamin^ 12 
MHD of the haemolytic serum per unit volume are mixed, shaken vigor* 
cusly, an d incubated in the water-bath for 30 nunutes at 37® C. Some 
workers prefer to ensure complete mixing bjr passing a current of air ftirough 
the suspension during the period of incubation* 

Reservation of Sheep Red Blood Cells 

Shew) Uood for complement fixation tests may be pmerv^ ^ 

an equal volume of steifle modified Alscvcar's solution (Muschd & 

1955) consisting of: 

^ Obtaind^s ftom Measn. R. B, Turner k Co. Ltd., London. 
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Ghiooae 

Sodium ddotiik 
Trisodium dtnte 
CStric Add 
in Distilled Water 


2*05 percent 
042 per cent 
0*8 per cent 
0*055 percent 


Sheep cells have been satisfactory for use for a period of dx vreeks after 
collection in this solution. 


Haemoiytic Antiserum 

The following method (Darter, 1953) is recommended. Rabbits receive 
<m alternate dayy a series of five intractOaneous inoculations of whole sheep 
blood in the following doses: 0*5, 1*0, 1*5, 2*0, 2*5 ml. These are followed on 
the twelfth and fifteenth days by the intravenous injbculation of 1*0 ml. of 
a 20 per cent suspension of sheep red blood cells in (normal saline to which 
has been added 0*01 per cent magnesium sulphate. A trial bleeding is taken 
from the rabbit’s ear on the dghteenth day and if theihaemolydn content of 
the serum is satisfactory (the titre should be over 1 in 10,000) the rabbit is 
exsaitguinated and the serum is separated. If the titre is not high, further 
intravenous injections are given. High-titre serum ^ usuaUy preserved 
by adding to it an equal voliune of sterile glycerol. 

The haemolysin titre of the serum (sometimes referred to as its minimum 
haemolytic dose) is estimated as follows: Set out ten tubes and add to them 
saline according to the following table. 



Tube No. 1 


1 

2 

3 

4 

5 

6 

7 

8 

9 




ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

Saline solution . 

None 

0-5 

10 

1-5 


0-5 



0-5 



Prepare a 1 in 1000 dilution of the haemolytic serum and add 0*5 ml of it 
to the first five tubes of the titration. Then proceed as follows: 


Tube 

No. 

i 

i 

Procedure 

Final haemolysin 
dilution 


None 



Mix. Discard 0*5 mi 

1 ; 2,000 


Mix. Transfer 0*5 ml. to tube 6. Discard 0*5 ml. . 

1 ; 3,000 


Mix. Transfer 0*5 ml. to tube 7. Discard 1*0 ml. . 

1 : 4,000 


Mix. Transfer 0*5 ml. to tube 8. Discard 1*5 ml. . 

1 : S.OOO 1 


Mix. Transfer 0*5 ml. to tube 9 . 

1 : 6,000 

7“ 

Mix. Transfer 0*5 ml. to tube 10 . 

1 : 8,000 

8 

Mix. Discard 0*5 ml. . 

1 : 10.000 

mm 

Mix. Discard 0*5 ml 

1 : 12,000 


Mix. Discard 0*5 ml . 

1 ; 16,000 


Now add to each tube 0*5 mL of a 1 in 10 dilution of complement and 
0*5 mL of the 3 per cent senntised red blood cells prepared as ^ve. fo* 
cubate for one hour at 37" C. in a watet>bath; tite last serum dilatfon to show 
complete haenn^p^ is taken as the end-ptfint The lowest tRre which » 
aocmtalde im' tihe putpose of sensitising ttd blood cells for the Wsssennann 
leadu^' is 1 m 1(K)0. 

BurtoiM^ Wdkome haemolytic serum for Ausp red coi^iuoles^y 
cimvemaufy lw used fo pirquring a faaemoi 3 lfo system for; 
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anti-d»q) haemolytic 8«um is obtamed from the htuae. It teod* *» «»rt 

corpusdm jurt before tibe haemolytic system is required. 

An “*^ve for the preparation of a haemolytic antiserum for 

sheeps red blood is that of Saisyer and Bourke (liMd) which enmioys 
the strotoa of lysed^ eprthrocytee as the antigen and a fborter inoouiatim]! 
schedule thereby immnusmg the shock reactions that are liable to Occur 
with the usual immunisation procedures, 

are made by mixing equal volumes of the stan^ 
^ suspension (p. 933) and the haemolytic serumiiluted to contain 

12 MHD per umt volume. After vigorous shaking, the mixture is in- 
cubated for one hour in a 37® C. water-bath. 


The Teat (the method is that of Price, 1950b) 

Small test-tubes 3 x ^ in. or WHO plates are used and the reagents are 
added to them either with graduated pipettes or according to Donaltfs 
dropping method (see p. 932). 

The first step, before commencing the test, is to titrate the complement 
using the sensitised red blood cell suspension to be used in the test (see p. 932). 
This is necessary because even pooled preserved complement-serum may 
vary in activity against different specimens of red blood cells. 

The test proper is a screenii^ procedure and each serum has two tubes 
allocated to it. The reagents are added as follows: 


Serum Control Tube: 

Patient's serum . 

4 volume 

Saline .... 

2 volumes 

Complement serum control dose 

1 volume 

Diagnostic Tube: 

Patient’s serum . 

4 volume 

Saline .... 

1 volume 

Complement diagnostic dose 

1 volume 

Antigen .... 

1 volume. 


After adding the reagents the racks are shaken thoroughly and placed in 
a water-bath for 1 hr. at 37® C. At the end of this time the racks are placed 
on the bench and to each tube is added one volume of sensitised rad^ldod 
cells. After shaking again, the racks are replaced in the wa^-bath for a 
further 30 min., after which the test is read. 

Complete biolysis in both tubes is read as ne|^tive reaip^n. No 
haemolysis in the diagnostic tube with complete haemolysis in ffie contrdi 
tube is read as a positive reaction. Partial haemol]^ in the soiimdiagn^^ 
tube and complete haemolysis in the control tube is read as a weakly positive 
reaction. No result can be given if the serum control tube of any particular 
specim^ of serum to £aw complete haemolysis. Positive and w^oaU^ 
positive sera are set aside to be put up for a quantitsdve test 

Quoniikitwe 7Vrtr.~In this metl^ doubling dilutions of the serum m 
saline from linStolinlMaie used. Seven tubes are requited for eada 
scrum and they are set up as foUows: 

TiAe 1, Serum Coidirol t%be: , ; , 

ScrumdilutedlmS . . , . Ivolume 

SalfoOv ... . . * 1 vdlunie 

Seimin oemuol dose erf component , • 1 volumci. 
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Diagfiostsc (^aatitative Tubes: 

Smm spuopxiate dilution (1 m 5 to 1 
in 160) * • . . . .1 volume 

Complement diagnostic dose • . 1 volume 

Anti^ 1 volume. 

The sensitised red blood cells are added in the same manper as in the 
test proper and the incubation times are the same. The end-point is taken 
as that tube which just fails to show sparkling haemolysis. 

The results are reported in terms of the serum dilutions, “Positive 
with serum diluted 1 m 30“. 

Cerebrospinal Fbdd , — ^In this test the procedure is closely atmilar to that 
used for serum. Neat cerebrospinal fluid is used in the^ test proper and one 
volume is added to both the diagnostic and control tubes instead of the one- 
fifth volume used for sera. The test is made quantitatively making doubling 
dilutions from neat cerebrospinal fluid and results are r^rded as “Positiv^ 
fluid diluted 1 in 2, 1 in 4” and so on. \ * 

Each batch of tests should include known positive sera of varying degrees 
of reactivity and a known negative scrum. Controls s^uld be set up for 
each of the reagents used. 


Method n (Kolmer*8 Method) 

It is not possible to include the minutiae of details described by Kolmer, 
and workers who use this method are referred to Kolmer*s own papers (e.^. 
Kolmer, Spaulding & Robinson, 1952). 

The main essentials of reagents and technique are, howler, given below. 

Antigen , — A cardiolipin antigen containing 0*03 per cent, cardiolipin, 
0*05 per cent lecithin and 0*3 per cent cholesterol is used. The 
antigen dilution is indicated on the label of the bottle: usually it is 
1 in 150. 

SaUne, — 0-85 per cent NaCl containing O’Ol per cent mi^esium 
sulphate. 

Sheep red blood cell suspension , — A 2 per cent washed suspension of 
red cells is used. It is standardised, using the haematocrit as in Method 
I to contain 0*02 ml. packed cells per ml 

Haemlvtic serum . — Dilute with saline to contain 4 MHD per mL 

Patienrs sera . — ^Treat as in Method I. 

Complement.— Ftuerved complement is titrated in the presence of diluted 
antigen, and after 1 hr. in the water-bath at 3T C, the haemolysin 
and the sheep cell suspension are added separately. 


Tube 

Complement 

Diluted 

Saline 

Haemolysin 

Sheep 

No. 

1 :30 

antigen 

Solution 

suspension 
(2 per cent) 

1 

(ml.) 

0*20 

(ml.) 

0*5 



fml.) 

0*5 

2 

0*25 

0*5 

1*3 

0*5 

0*5 

3 

0*30 

0*5 

1*2 

0*5 

0*5 

4 

0*35 

0*5 

1*2 

0*5 

0*5 

5 

0*40 

0*5 

1*1 

0*5 

0*5 

6 

0*45 

0*5 

1*1 

0*5 

0*5 

7 

0*50 

0*5 

1*0 

0*5 

0*5 

a 

None 

None 

2*5 

None 

0f5 
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meadw taxk £rom vnter-batii and read conqdement titnRba. Tte 
gtnallest amount of coa|dement giving complete luM«n!(d]nia i« du exact iit^ 
ITie full unit is 0’05 mL more tlm the exact unit. 

For tiie complement-fixation tests, complement is diluted so that 2 fiifi 
Tinifti are conttdimd in 1*0 ml. 


Eseampk: 


Exact unit 
Full unit 

Dose (2 full units) 


mL 

0-3 

0*35 

0-7 


Dilution of complement to be employed in the test proper may be cal- 

30 

culated by dividing 30 by the dose, i.e 0 :y =43 or 1 : 43 dilution of guinea- 
pig serum. 


The Teat 

Two tubes are used for each serum to be treated and in each batdr sen 
of graded reactivity from negative to strong positive are included. Addi- 
tional controls are needed for the reagents used in the test, t.e. the antigen, 
the haemolytic system and the complement The test is set up as follows: 


Diagnostic Serum Control 
Tube Tube 

f Vr mn 0*2 ml. 0*2 mL 

Antigen 0*5 ml. Nil 

Saline NU 0-5 mL 


Stand at room temperature 10-30 min. 


Complement containing 2 full units 
permL .... 


1*0 mL 


1-0 mL 


Mix by thorough ■bating and place overnight in the refrigerator at 6M0® 
C. for 15 to 18 hr. The following day remove the racks a^ p^ t^ for 
10 min. in a 37“ C. water-bath. Remove from the bath and add to all tubes 
except the red cell control tube, 0-5 mL of the diluted hwanolyttc ae^ 

and then add 0*5 mL of the 2 per cent sheep cell suTOHWon. Mafoort ^y 

by shiiing the tubes and return the rad» to the 37* C water-ba^ 
to read the after 10 and watdi the known sera cwrtroto ma tne 
antigen controls with care. When the kno^ p^ of 

these sera appears the final reading is made. Usudly fins oo^ 

30 min. 4 ^*”*^*^ certainly be present in leas than one hours Hie teaum 

are interpre«ed in same nnnner as in Mefood I. . 

An of the Kolmer Method for 

indu^ag the contained in the reagent cwitrol bfoesrs as shown m 

the table on p. 938. ... . 4.1 

This is used quantitafivdy with serum 8 «»l 

from 1 in 2 to 1 fo 64 <m 1 pbBtively reactii^[_a«i. 

rrwL Ww • swa . . • vtiTbUlCKieftl 1R 


m Sdmer Test » tea^ adi5>h*le 
Protein Test (seep. 348). 

wtrounto of ««ig«» s» swashk, the test » 
^ dm dae of fifose <^hove. 
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Tube No, 

Safine 

solution 

Antigen 

Complement 

2 full units 

Haemolysin 
2 units 

Shtep cell , 
ftu^ension ' 
(2 per cent.) 

Serum 





(ml.) 

(ml.) 

(ml.) 

(ml.) 

(ml.) 

(ml.) •! 

0-2 

None 

0*5 

1*0 

0*5 

0*5 

0-2 

0-5 

None 

10 

0*5 

0*5 

Spinal 






fiuid 






(ml.) 






0*5 

None 

0*5 

1^0 

0*5 

0*5 

OS 

0*5 

None 

1*0 

0*5 

0*5 1 

Controls 






Antigen . 
Haemolytic 

0*5 

0*5 

1*0 

0*5 

0*5 

system . 

1*0 

None 

1*0 

0*5 

0*5 

Coipuscle . 

2*5 

None 

None 

None 

0*5 


Hie CkMnplement-Fization Test in Gonorrhoea \ 

The general technique of this test is very similar to that of the Wasser- 
mann test. 

Antigen , — ^This is made from cultures of several freshly isolated strains 
of gonococci. It may be prepared and titrated by Cruickshank’s (1947) 
modification of Price's method or may be purchased from Burroughs Well- 
come Sc Co. 

The Test employs the haemolytic system and complement in precisely the 
way described in Method I of the Wassermann tests. The test proper is 
also carried out in this way except that one volume of inactivated patient's 
serum is used instead of one-fifth volume employed in the Wassermann test 

The gonococcal complement-fixation test is of limited practical value in 
acute uncomplicated cases but it is a useful diagnostic aid in chronic infec- 
tions especiaUy those with closed lesions such as salpingitis, prostatitis and 
arthritis. 

CX>Mn£MENT-FIXATION TESTS IN VIRUS DISEASES 

The Ihrepmtdon of Viral Antigens 

Suspensions of the infected tissues of animak or eg^, or infected tissue 
cultures are used as the source of the virus antigen which is then extracted 
and purifbd by such methods as differential centrifugation, adsorption and 
elution horn erythrocytes, or concentration in a denrity gradient. Because 
riiese processes inevitably involvi the loss of a certain amount of the vinis 
the starting material must always contain a large amount of activd? growing 
virus, the minimal acceptable infectivity titre is usually h^t mudi 
hsgh^ %Lires rium this are desirable. . 

N^atine Conirol .Ait^wir.—Whoiever a viral antige^ is hetw prepared 
it is always necessary to piocem aloi^stde it, using precisely si mto ste{^» ^ 
small amount cf normal uninfected tissae. ^ In this way a control antigen 
is obtained for comparison wiffi the viral anrig^ . 

FoiA Sac aio siiindde Itir work andtnpibers^ 

the psittacosii, lymfbopraiiia^^ traobmna and fndusian conjw^^ 
gnofni. A ptittaoosii group antigen is prepared by inoaiIaliiU| the 
erf e^t«day ^tdek enibiyos with 0*25 ml. of egg .adiqpt»#vh?ti» ^uteo 
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10-*. (Dili^as ^ ^ seed psittacosis virus of shodd yS diS 

emb^po^utvdays.) On die death of the embryos the yolk sacs axe harvested 
and mipi^on smears are stained by Castaneda’s stain (only dnise vdiksh 
^irc ridi ^ dlementdiy bodies are used). The yolk sacs are rinsed in 
once to free them from adherent yolk, and a suspension is prepared by 
grinding Aena with 1*0 ml. Ca-Mg-bulFered diluent {vide infra) for each yolk 
sac m a Ten Broe^ grinder. The emulsion is clarified by centrifuging for 
10 mm. at 100 G and the supernatant fluid is taken off to be centrifuged again 
in an angle centrifuge for three hours at 1500 G. The deposit is resuspended 
in the ^uent to one quarter of its original volume. Finally, the antigen is 
placed in boding water for 20 min. and phenol is added to give a concentration 
of 0*5 per cent 

Allantoic fluid (V) antigens are principally used in work with the influenza 
and mumps viruses. They contain mature virions and are sometimes referred 
to as antigens. Influenza A or B antigens are prepared by inoculating 
nine-day embryos by the allantoic route using 0*4 ml. seed virus (tiu^e 10"^ 
or above). The eggs are incubated for 40-44 hours at 35® C. Next the eggs 
are chilled for an hour in the refrigerator at 4® C. and die allantoic fluids are 
harvested, pooled, and spun lightly to remove debris. If the haemagglurin^ 
ating titre of the pooled fluids is 1280 or above it can be used without mrther 
processing. The antigen can be preserved by adding 0*08 per cent. socUum 
azide and storing at —30® C. or by freeze drying in ampoules. A mumps 
antigen can be prepared in a very similar way but six to eight days embryos 
are inoculated and must be incubated for five to seven days before harvesting 
the allantoic fluid. Influenza antigens are sometimes associated with 
strain specific reactions and for diagnostic work some workers prefer to use 
“Soluble” or antigens prepared from extracts of infected aOantoic 
membranes. 

Allantoic membrane {S) antigens are used in work with the influenza and 
mumps virus. Influenza viruses A2/Singapore/57 and B/England/939/59 
are passed in small doses (s.g. 0*1 ml. of a 1(H dilution of seed virus having 
a haemamlutination titre of 10~’) by the allantoic route to batches of 11-13 
day chicx embryos. After 24 hr. incubation at 36® C. the allantoic flmds 
are harvested without pre-chiiling, and used undiluted in a d<»e of 0*1 ml. 
to inocdjd^ the allantoic cavities of batches of 13-day embryos. A number 
of eggs are left uninoculated to provide allantoic membranes for the prepara- 
tion of the negative control antigen. 

After 24 Imurs’ incubation flie eggs are killed by chilling, and th$ shell 
over the air sac is removed. Through a cross-shaped indsion m the 
allantoic membrane the embryo and its yolk sac can be evacuated leaving the 
membrane bdiind and lightly adl^rent to the shell. The membranes ^e 
then removed £mm the dieU, rinsed free of blood and ^lit wik In three 
changes of 0*08 Mr cent, sodium azide in physiological saline, dhied betweim 
filter-papers, and finally weighed in bulk. ^ 

The membranes are now suspended in 5-10 ml. add^saline and are 
frozen and thawed three by alternate immersion in a mixture of alcohol 
and solid carbon dioxide at —70® C. and in a water-balh at 37® C. For this 
purpose it is advisable to place the membrane emulsion in a plastic container. 
Now add sufficient azide-safine to make a 40 per cent, w/v su^pensira of 
Membrane and hmnogenise in a blender. The su^)cnsion is no w lig htly 
centrifuged to remove the coarse debris and a few drops of chlorefotm am 
!^ded. After standing ovemi^ at 4“ C. a precipitate of egg twetota is 
formed and this il temerved, without riignifi^t loss of the solulfle antigen^ 
fiy centrifuging for one hr. in an ang^e centrifuge at 1500 G. 
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m resultant, somewhat opalescent, fluid oeoinios ifce «ehibte amb*. 
and is best preserved by fieeee-diy^ sin^ yrfuiaes of it in amp<X 
Akemativ^, the fluid antigen may be fcqrt without rnaiied deteriombn’ 
for about one month at -30° C. 

Strom $pec^ p^bmxa ent^m.—Bx^ (1952) showed that when 
^Tifliignzfl vUionB are exposed to ether they di^tegxate and the nmer S antigen 
which is common in aU influenza A virus strains is freed* It is possible to 
extract the strain specific V antigen from such a preparation by adsorption 
to and elution from erythrocytes, and strain specific complement fixing 
antigois can thus be m^e for tise in serodiagnostic procedures* Antisera 
prepared in the guinea-pig against these strain specific antigens are valuable 
in the antigenic analysis of freshly isolated viruses. (Lief & Henle, 1956* 
Henle, Lief & Fabiyi, 1958). I 

Tissue culture antigens are used principally in the jserodiagnosis of infec- 
tions with the pkoma group of viruses (enteroviruses Wc.) but they are also 
employed in measles, and in infections with the para-influenza and respiratory 
syncytial viruses. They are obtained from tissue cultures in which very 
rapid multiplication is proceeding. One method conWonly used for pre- 
paring an antigen is to t^e large monolayers of primary or secondary monkey 
kidney cells, HEp2, or HeLa cells and to inoculate ^em with a virus dose 
calculated to supply 5-10 virions for each cell of the monolayer. When the 
maximal cytopathic effect of the virus is seen the cells are scr^d off the glass 
with a rubber policeman and harvested together with the culture fluid. This 
suspension is now alternately frozen at —70° C. in a mixture of acetone and 
solid carbon dioxide and thawed at 37° C. in the water-bath. After freesdng 
and thawing three times, the preparation is spun lightly tp throw down coarse 
cellular debris, and the infectivi^ of the supernatant is estimated by titration 
of its cytopathic effect in tissue cultures. Effective antigens require to have 
infectivity titles ranging from 10“^** to 10^ TCDSO per 0*1 ml. 

Animal tissue antigens are sometimes used, especially in circumstances 
when the viruses do not multiply actively in eggs or tissue cultures. Thus a 
suspension of the carcases of suckling mice infected with strains of Group A 
Coxsackie viruses may be purified and concentrated by differential centri- 
fugation and the use of one of the density gradient techniques. Similarly 
the brains of sudkling mice infected with members of the group or arbor 
viruses provide a rich source of virus for making serological antigens (Clarke 
& Casals, 1958). 

Comfilenaeiit Fbeatioa Test fior Viral Aiitibodiei 

The method described is recommended as the standard technique for use 
by the WHO Expert Committee on Respiratory Virus Diseases (19S91. 

method is small volume method originally described by Hop 
(1948) but is modified for use with antigen preparra from infected chick 
embr^ and adapted for the WHO perspex plates. 

Apparstos 

(1) Plastfo plates with 80 wells(WHO type)are used throisg^<mt. They 
can be obtdned from Messrs* Prestware Lm*, Southdown Wm:ks» King^^ 
Road, London, The pl^ after use are cleansed by overmpt 

in 2 per cent sowim hydroxide followed by 

ninning tap water ; next a rinse in 2 per cent hydrodilotic am b w 

a further washing in tap water ana a final rinse in ion free distilled vmter* 
These steps can carri^ out Gonvrakmtly by tianribrring the 
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inverted «fld dbwBfia at footn temperature until they aie dry* 

(2) Auton^ syri^ contamiag 1 ml. and deS^ring 0-1 nd: an uWd 
throughout *0“ Tunier LtJ, Inocula Hmoe, 

Churdi Lane ^ Hdbba Greo, East Fmidd^, Tjw>d<>n , N. 2 .) ^ 

RSAffltKTS 

(1) Sen are ina<^^d at 56“ C. for 30 min. Poattive control sera from 

natui^yoccurrmg infection md negative 

(2) Diluent l^he veronal-NaQ diluent described on page 859 is used 

throughout. 

(3) Haemdytic ayatem. M^hed packed sheep red blood cella are pre- 
pared as ftff Ae Waanrmam Test, and an accunte 2 per cent suspension 
is made mdche^mttehaanatocrit (seep. 933). The cells are sensitised 
by the additum of a^um volume of haemolytic antiserum (see p. 934) diluted 
to contain 10 MHD and the mixture should be incubated for 30 at 
37® C. before use. 

(4) Complement preserved by Richardson’s method (see p. 931) is used 
throughout* It shoidd be noted that the serum from some guinea-^pigs is 
known to contain antibodies to the para-influenza viruses and only complex 
ment known to be free of such antibodies should be used in tests for these 
viruses. Complement of this preserved type is available commercially from 
Messrs. Burroughs Wellcome. 


Titration of Complement 

This is carried out in the presence of the antigen to be used. Prepare a 1 in 
10 dilution of a complement by adding 0*5 ml. of preserved complement to 
3*5 ml. of distilled water. Next prepare a series of 13 complement dilutions in 
3 X I in. tubes according to the following plan: — 


Tube No, 

1 

2 

3 

4 

5 

6 

B 

Diluent in mL 

1-0 

1*25 

la 

1*75 

mm 

2*25 

2*5 

Complement 1 in 10 in ml. . 

0*25 

0*25 

0*25 

0*25 

0*25 

0*25 

0*25 

Reciprocal of complement 
dilution .... 

50 

60 

70 

m 

90 

100 

110 

Tube No. 

8 

9 

10 

11 

12 

13 

14 

Diluent in ml, . 




3*5 

3*75 

4*0 

4-B 

Complement 1 in 10 in mL . { 




0*25 

0*25 

0*25 

0*25 

Reciprocal of complement 
dautum . , , . 

120 

130 

1 

140 

150 

160 

170 i 

180 


(1) TrsjS^fl^mL of each awnplement dilution to a series of wpsia « 


(2) Add to «ach cup 0*1 ml of the Botigpn at the dihrtma to be used In 

the test* * ‘ 

Add to 109 0*1 ml ofdilu^ 

Add to toidi 09 0 *^ ad. 
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(5) Incutxte Ae fd»te for 30 min. «t 37* C 

(6) Make a reading of the i^contmuag foe 

giving 100 per cent, haonolyaia. 

For uae in the teats dilute the 1 in 10 coa^maeat to oontain 2>5 MHQ 
by the 100 per cent haanolyria reading. 

Titration of the antigen 

Each new antigen before uae ia titrated againM an excess of a known 
positive serum. The unit volume used throughout ia 0-1 mL Two rows, each 
of eight cups, in a WHO plate are used together with three more for the 
controls. 

Proceed as follows : — 

(1) To all the eight cups in each of the two row^, but omitting the first 
cup, add with an automatic pipette one volume of the! diluent. 

(2) To control cup A (serum control) add one voltime of diluent, to control 

cup B (complement control)’ add two volumes, and conWol cup C (haemolytic 
system) add three volumes. \ 

(3) Add to the first two cups of both rows one volume of neat antigen. 

(4) Make a series of doubling dilutions by mixing the contents of the 
second cup in the first row thoroughly with the pipette and transferring one 
volume to the third cup; proceed in this fashion to the end of the row and 
discard the volume remaining in the pipette. Repeat the same process with 
the second row. The antigen dilutions in the rows are 1 in 1, 1 in 2, 1 in 4, 
1 in 8, 1 in 16, 1 in 32, 1 in 64 and 1 in 128. 

(5) Rinse iht pipette thoroughly and add 1 volume of diluent, in place of 
serum, to each of the cups in the first row which now constitutes the antigen 
control. 

(6) Dilute the positive control serum to eight times its known titre {e.g, 
a serum with a titre of 1 in 128 would be diluted to 1 in 16). 

(7) Add one volume of the diluted serum to the cups of the second row and 
to contol cup A. 

(8) Add one volume of complement diluted to contain 2*5 MHD to 
all cups except cup C. 

(9) Incubate the plate for 60 min. at 37^ C. 

(10) Add two volumes of sensitised sheeps red cells to all cups. 

(lli Incubate again for 30 min. at 37^ C. 

(12) Read the results as soon as the cells have settled. Any cup showing 
less thm 50 per cent, haemolysis is regarded as positive. More than 50 per 
cent, haemolysis is regarded as negative. 

For use in the test the antigen is used at a concentration four times the 
figure obtained from the end point in this titration {e.g* if the maxinoal 
antigen titre were 1 in 16 the antigen would be used at 1 in 4). 

The Test foe the TmumoN of Serum Antibodies 

This is carried out using the methods and reagents described above. The 
unit volume is 0*1 ml. 

PreUmbuay screening is generally practiced to save umiecessarf hbout 
and to conserve laboratory reagents, Tlie convalescent serum onfy is 
at a single dilution usually 1 in 8. Ctely in cases where the findmg is positive 
ib the fw test with botii acute and convalescent sera set up. , w 

7%e FuU Test requires serum ttilutions of 1 in 2, 1 in 4» 1 m 8 and 1 &o 
for the acute serum and 1 in 2, 1 in 4,1 in 8, 1 in 16, 1 in 3!^ 1 in 64, 1 fo 
1 in 256 for the convalescent serum, C^tids for each senmi dihitsa to 
1 in2and 1 fo4areindiude<L Each cup fo the test eontsiw oi^ 
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,f coBttptoMrt coateim ag 2-5 MHD complement Antig«i, «aiJKS 
^dhaemol^c^^^t^ are required. The 
jnd the of leeult* are as deacribed m Vthc^thod ^ andgm 

titration (step 9 onwaras), ^ 

A for use ^ freeze-dried antigens snnplied fey 

tbej^bhe Health Laboratory Service is described by BradStreet aKwS 

(I 962 )v a a « 

Red^ vohiines of reag^ts may be employed in a technique in which 

"*Ti^ ’’SS? “a“ “ 

(W55). a report on a trial of this apparatus is giv«i by Sever 


HAEMAGGLimNAHON-INHIBniON TESTS IN INTLUENZA 

The v^ue of toese teste lies in their extreme specificity and the fact that 
they can be used to distinguish antibodies to the various substrains and 
vanante of ^ influenza viruses. The reaction is of great importance also 
in the identification of freshly isolated strains of influenza viruses. Haemag- 
glutination-inhibition teste thus difler from the complement-fixation reactions 
described on p. 940 for the latter are group specific and will do ho more 
distingmsh the antibodies to influenza viruses A, B and C. 

Saline ZTihienr.— Throughout the teste the buflered caldum «»g«tw is used 
at pH 7'2-7*4 (see p. 859). Ahematively, the veronal saline with 

added calcium and mi^esium may be used (see p. 859). 

Standard Erythrocyte Svspension.—lAood is obtained from the wing vein 
or the heart of a fowl (see p. 1020) and added to a suitable 
Human “Group O", or guinea-pig erythrocytes may a^ be used. The 
are washed thoroughly in the centrifuge and then the volume of the 
cells is determined in a graduated centrifuge tube by spinning in a straight- 
headed centrifuge for 10 min. at 1000 G. 

The cells are then suspended to make a 0*5 per cent, suspenraon. 

Standard anEgem are prepared from high-titre pools of kdSected aQantmc 
fluid. At present it is recommended that the following should be u^: 
A2/Singa^re/57 and B/En^nd/939/59. 

Titratim o/ Fenu.— -Set up two rows of 3 x i in. tubes, 10 tubes in eadi 
row. Flaw 1*0 mL amounts of saline solurion in eadr tube in the front row. 
With a 1-0 ml. {ripette add 1*0 ml. of the viral antigen to the first tube of the 
front row. Disesrd the {Mpette. Mix well with a clean |»pdte and transfer 
1‘0 ml. to the second tube (tf the front row and 0*25 mL to die first tube of 
thebackrow. Take a fresh pipette and mix tibe contents of the aerxmd tube 
of the frtmt row and then nwnitfer 1*0 mL to the tlurd tube of the front row 
and 0*25 mL to the second tube of die bach row. Ckintmuetiiaoughtteateies 
until aU die tiflbes of die bade row contain 0*25 mL of doubling dfludons oi 
^ 1 ^. It k tadm^iMomHttoUdteafresk^emiamdu e^ 

Diaated dbe fioeA row of tnbea. Add to ei^ tuite 0*2^ mL ai^aei 
tolution and O*$ itaL of the <0*5 per cent, red cell sus p ensi on . Indo d ejato' 
®'7throcjte eostnl ocmtimiing 0*5 mL saline and 0*5 mL of toe ted cefi 
xupwteWBu iSw 1 ka. at room temperature and read toe reeidte 

to the haenia^hnination pattern. The 0*25 nd. TQhasie of toe 
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vitw dilutioQ which 0(»i^etdy agglutinatea the red cdb cnwtainfi og^ 
hwmamhituutdon unit For the teat four hknmaj^ninating imi^^ 3 ^ 
requite and Ae viral antigen is diluted to one fourth of die dtre obtained. 

T«tt Sera.— Pairs of sera obtained during the acute and omvalescent 
phases of the illness are absolutely essential. Both nen must be ««inn;«^ 
at the same dme. It is important to remove the non-specific inhibitors of 
viral h a em agghttination usually present in nomud serum. 

Frcqpanlx^ Trestment of Sera fi»r 

Tests. — Since the presence of non-specific virus inhibitors in many human 
^ animal am renders difficult the interpretation of serological fintttng . 
is a matter of importance to eliminare this source of error. Inhibitors may be 
rmnoved from human sera without affecting die titre of specific antibody by 
the following methods: '' 

Treatment with a crude filtrate of V. cholerae 

The filtrate is prepared as follows: Semi-solid tryjptic digest heart agar, 
spread in a thin layer in Petri dishes, is inoculated vi^ 0-2 ml. of an 8 hr! 
broth culture of V. dtolerae (4 Z strain^. After IfiWurs’ incubation at 
37** C. the soft agar cultures are filtered through cotton wool and paper, 
dhuified by slow centrifugation, Seitz filtered, and adjusted to pH 7-2. 
Filtrates are titrated by estimating the minimal amount ^t will, in a given 
amount of normal rabbit serum, eliminate the inhibition of virus haemag- 
glutination. > 

Sera, of which 0-1 ml. amounts are required for each virus antigen to be 
used, are treated as follows: 

To O'l ml. serum add 05 ml. of an appropriate calcium saline dilution 
of cholera filtrate, incubate for 18 hr. in a water-bath at 37® C., and foally heat 
for 1 hr. at 56° C. to inactivate the receptor-destroying enzyme in the cholera 
filtrate. Add 0*2 mL saline, and the serum now diluted 1 in 8 is ready for 
examination. 

Treatment tnth Periodate 

Make up a solution by dissolving 0-127 gram of potassium metaperiodate 
in 50 ml. distilled wato-. To 1 volume of serum add 2 volumes of periodate 
solution and store overnight at 4® C. The following morning add two 
volumes of 1*0 per cent, glycerol in saline and then adjust the serum ddudon 
to 1 in 8 by addii^ 3 volumes of saline. The serum is now ready fi>r use in 
the test 

Tftratkm of Antibodies in Serum 

For eadi serum to be tested set up four rows of ten 3x| in. tubes. Into 
all the tubes of the front row place 1^ ml. saline solution. To tiie first tute 
of the front row add 1*0 ml. cff a 1 in 8 dilution of tiw patient’s serum. Mix 
w^ and transfer 1*0 ml. to the second tube of the front row and coxdii^ 
tins procedure until ffie tentii tube. I>iacard the remaining serum ifilud<Hi 
in w pipette. Now transfer 0*25 mL of the contems <ff & tenth tube to 
the last tubes of the otilier three rows mtd using the nmmte csity 

the^same step witibthe nin^ eighth and the other until tu have received 
timh apiMt^riate serum dilutions. Diacudtiieficont row of tiietidMSS which 

ate not used in the test 

Now add the test viral antq;eBsd0ttted to OMitsm four hssmiggltotiBniflg 

doses (todrntpra) in 0*25 mL amounts to tiii^i^pm|>riatoitms^(^«h)foi^ 
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tjscs A|i Aj and B). Finally to these virus serum mixtures add 0*5 li}-; 
e fliS pet cent red cell mpension and shake thoroughly to mix tte reagents, 
jmd at room temperature for 60 min. and then read the tests on the ha^ 
the ha^gglu^tion pattern. The titre of the serum is expressed as thw 
ghest initid dilution that completely inhibits viral haemaggMtosticm* 
abes shmmg partid hacmagglutination are ignored. In any batch of 
lemagglutination-inhibition tests the viral antigens must always be re- 
rated and known positive and negative sera m^st be included. Other 
►ntrols include a serum control of 0-25 ml. 1 in 8 serum+0‘2S ml. sajine 
0*5 ml erythrocyte suspension and also a cdl suspension control as used in 
e virus titration. 

aemi^gliUinatm^InhSntion Test in Influenza C Infections 

Influenza C grows p^rly in the allantoic cavity and this virus must be 
iltivated in the amniotic cavity of 10-day chick embryos for 26 to 30 hr. 
3S® C. A suitable inoculum is 0«1 ml. of a 1 in 100 dilution of the seed 
.rus. 

Since influenza virus C elutes rapidly at room temperature, haemag- 
iutination and haemagglutination-inlubition titrations must be carried out 
i the cold at 4® C. 

lodification of the Haemaggktination’Inhibition Test for use with Plastic Plates 

Plastic plates of the type recommended for the complement-fixation test 
re used. For virus titrations the volume of antigen used is 0*25 ml. to which 
I added directly 0*25 ml. of 0*5 per cent, red blood cells and 0*25 ml. diluent. 

For the titration of antibodies serial dilutions of 0*25 ml. volumes of the 
erum are made; to is followed by the addition of an equd volume of red 
ilood cell suspension and then 0*25 ml. of the virus antigen diluted to contain 
our haemagglutinating units. The reading of the test is similar to that 
[escribed above. 


the measurement of antiviral AtTIVlTY IN SERA 
BY NEUTRALISATION TESTS 

In only a limited number of virus diseases is there an in vitro test w^ 
:an be relied on to give an estimate of the level of immunity in Ac individual 
md it is therefore necessary in some cases to use anim^ pro^tion tests A 
^auge the level of antibody in Ae serum. The protective action of am anti- 
serum may also be demonstrated in eggs or tissue citores. Neutrali^pn 
teste are at present chiefly used in yeUow fever, Coxsadue virus Ac- 
tions, poliomyelitis, oAcr entovirus infections and Ae arthropoo-Dome 

a fixed quantity of inactivat^ aenim U add ed to ^M 
dilutions of the virus and the mixtures are held at room ^ 

30 min. or longer befiae being inoculated mto 
tissue cultures Amte and convalescort phase sera w 

bstchofteauandaoontrolvinistittationissetup. 

“then determined by comparing tbc 50 per cent end-pmpt of the coptml 
virus titrati<m wiA th«t of Ac virus-serum mixture. 

NeutralttMion index -Antilogaritlffli of the figure thsw otoio«4. ' 

3 0 
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NeutiMUnttiiaa ui<UoeB bdow 10 «tt regiarded nc;gflih^*iQd {>^een 
10 aaid 49 u doabtM; aver 50 they ere ima^ iadkaihe of m infection. 
In a aeooad method a fixed amount of vtnm, mmdent to affect 100 per cent, 
of the controJa, is added to progresuve dilutmns of senun. In diis case the 
l^ed and Muench or ^hb«r methods (see p. 8SQ) are used to determine 
the 50 per cent. protecdTe or neutraMi^ end-pmnt of both acute and oon- 
vides^t jdiase sera. In calculating th^ end-pmnte it is necemary to reveiBe 
the direction of addition of the appropriate columns dealing nrith “^t^” 
1 ^ “survivals”. converting the logaridun of the 50 per cent senun 
litre to its utti-logandun die neutralisation index is obtained For diagnostic 
purposes the increase in the neutralisation index during convalescence stould 
be at least 100. 

The Meaauremmit iff Virus hofectiyity 

The usual procediuo for estixnatii^ the potency of a suspension of living 
virus particles is to inoculate groups of susceptible animals with varying 
amounts of the preparation differing by a constant dilution foctor. The 
mid-point of the titration is taken, for accuracy, as that duution of the virus 
at amch 50 per cent, of the animals react. In many such virus titrations it 
is pomble to use chi(± embryos or tissue cultures instead of animals, but the 
principle remains the same. 

End points are calculated by the method of Reed and Muench (1938), 
see page 880. 


IMMUNODIFFUSION 

i 

The present status of immunodiffusion techniques as analytical procedures 
of high resolution and specificity followed the new interpretation of predpitate 
formation in gels by Oudin in 1946. He showed that concentrated antigen 
layered over an agar-antiserum mixture in a tube will form a precipitin band 
in a position dire^y related to the concentration of the antigen and its diffu- 
sion coeffident and inversely proportional to the concentration of the anti- 
body. Following these observations methods were developed in which 
antigen and antil^y were allowed to diffuse towards each other in agar and 
one or more predpitin bands were formed accordine to the number of 
specific reactants present. This method is known as double diffusion, and 
may be carried out in tubes or Petri dishes. The most suitable temperature 
at which to carry out immunodiffusion tests is 4*’ C. since at higher tem- 
penttures altfaot^h more rapid predpitation occurs, tiwre is decreased 
resdution of the predpitin bands and predpitation is less complete. In 
addition denaturation of labile reactants is less likely at the lower temper- 
ature. The time taken for visible-predpitin bands to form depends upon 
tile diffudmi rates of the two reactants and tiidr relative concentrations. 
PtedjHtin bands vtiien they are first formed are at thdr sharpest and tmd 
to broaden vnth time. A for^r devdbpment of the douNe diffusion 
^noedure uses prdiminary eiectroidK»eiu (tiw movement of chttS^ 
partides in a conductii^ solvent nilijected to a (&eet current ^ 95^ in<^ 
of a mixture tff antigens, the aepaxatioa of the indtvtdual components which 
occurs, aOows the easy indentincation of prec^ntin bands wl^ fom sntf 
a qtddfic lUBtiserum haa diffused towards the dtSerent comp<mi^. 
lutiher inlmmaticm on tiie medianics of inomuiodi^Eudon the reader u 
referred to Crowle, 1%1. . > ‘ . 
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n eaA other in a layer of agar is the baaia^ 

"*‘^^‘■*“.(1956) tAbioqaes. Tlwi aa%en fod 
^ mtrodu^ m Uquid form pailksularty^^ idm 
cowwttra:^ either is low and dilution is not detirsMe. Mom cm^ 
v^entiy^ antigen and antibody can be mixed with mar. The tiiree kyeis 
of the system then co im st of antigen and antibody nuxed with agar aemuMtod 
by a ^8^’. concentration of the agar used is commonly 0*6 per 

cent. The preapitm bands form in the mid^ layer and with st^ S 
sera mw 1» seen wtto a few hours. Dilution of tim amisers or mtigui 
causm displacemmt of the band towards the antiseram-agar or antigen-mar 
inte^ rmpertively. This type of immunodiffusion technique m ti^ 
has the distinctton of being the most sensitive type of precipitin test available 
vrith respect to the quantities of reactants required for the formation of 


.direction 

OF DIFFUSION 
OF REACTANTS 


A 



DOUSLC DIFFUSION IN TUSES. A BEFORE DIFFUSION HAS TAKEN PLACE. 

B AFTER DIFFUSION' HAS TAKEN PLACE. 
FI0.7S 


vnible predfHtates. Quantities of reactants too small to form visible pre- 
cipitates if tfa^ were nmply mixed together are concentrated in a very 
narrow zone and can thus form an observable precipitate (Crowle, 1961). 
The number precipitin bands observed in the agar tubes does not neces- 
sarily indicate the total number of systems present as some of the bands in 
complex mixtures may be hidden by others and would only be identified by 
procedures of high resolving power such as immuno-electrop^resis (see 
pi^ 952). 

Immunodififiiaion has been extensively used in microbiology fof tlm 
identificatitm of diffinent types and strains of bacteria and viruses. 

The smsl^xm virus can be detected in the exudate fitun the skm leoons 
(see page 371) and pifiiomyelitis virus can be ^ped (Graaset, Bonifas 9c 
Pon^atz, 1958). Fungi can be identified by immunodiffinaon and 8 dhig' 
nostic teat lun oeen developed for histqilasmosis (Heiner, 1958). 

ImmmH^ietnpkorem can be used for tiw identification of mydkmn. 
proteus for in and the changes in such ifiaeaan as virus 

^P«t^ti8, dnho^ and tiie reticulosea are dktiiMt aioU|^ to suggete fibe 
Techniques have been deVdoped for Ihe satt^ 
y in patients bdng treated by paadve tcaosfor uf 

ttiis ptoltitt (diill, 1^7). Tbe use of immuiKHdectei^hime^maiiidMuf. 
human pathi^ogicsd sera has been reviewed by Schdfiiutii and Goetz 
«nd Crowle (1961). 
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DoiAk diffmkm m pla^ * 

Suflfcient 1 per afar in 0-85 per cent NaCl or 0*2 M phosphate 
bufidr pH 7*2 contaimng 0*1 per cent, sodium azide is poured into a small 
flat bottomed Petri didi to give a perfeedy level surface (awut 10 mh)* 
this has solidified, wells are cut in the ag^ wth a cork borer in positions 
detennined by a pattern drawn on a piece of paper which is placed under the 
Petri dish. More conveniently weUs are cut with a gel cutter with for ex- 
ample a central well surrounded by six satellite wells (Shandon Scientific 
Company). A very large number of different sizes and shapes and arrange- 
nients of wells have been used in this technique, the circular central well 
with equi-distant satellite wells is perhaps the most popular. After the wells 
have been filled, using separate clean Pasteur pipettes, with the antigen and 
antiserum solutions, e.g. the antiserum in the central well and the antigens 
in the peripheral wells, the plate is covered and placed ib a damp chamber 
{e,g. a plastic lunch box with a piece of wet filter paper in tne base). Diffusion 
is allowed to occur in the cold (4® C.) overnight or longer if necessary. 
Incubation at 37® C. may be used and gives more rapieJ but less clear cut 
results; however certain labile antigens may be denatured at this temperature. 
The plate is examined by means of incident light using a simple arrangement 
consisting of a 60 watt electric light bulb with the top covVed with a metal 
light shield, light being reflected into the gel plate from below through an 
aperture in the light box as shown in the diagram (fig 76). The types of 


PETRI DISH DOUBLE APERTURE LIGHT 



FlOr 76 

Immunodiffusion viewing box. 


mecipitin bands commonly observed are shown in fig. 77. They take 
form essentially of one of t^ee different patterns; (1) ^ reaction of identity 
where the lines are continuous from one well to the tmt; (2) the reaction (» 
non^idmtit^ where the lines cross each other and (3) the reaction of partial 
idtmtity vriikb is similar to (1) except for ^ur fbrm^on at the junction of 
the preciiutin bands. 
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A A 



I^EACTION OF lOENTITY^ MAY 
BE SLIOKTLY SKEWED IF 
DIFFERENT CONCENTRATIONS 
IN A WELLS. 


Ab A 



Anti<^Ab 

REACTION OF PARTIAL IDENTITY 
‘spur* FORMATION AT JUNCTION 
OF PRECIPITIN BANOS. 

Fig. 77 



Antl^AB 


REACTION OF NON IDENTITY, 
PATTERN OBTAINED WHEN 
TWO SEROLOGICALLY DIFFERENT 
ANTIGENS ARE USED WITH AN 
antiserum CONTAINING 
ANTIBODY TO BOT.H. 


Commonly observed patterns found in double diffusion plates where two antigen 
solutions are compared using antiserum as the analytic agent. 


Demonstration of Precipitating Antibodies in Farmer’s Lung 

A double diffusion test is used to demonstrate precipitating antibodies in 
the serum of patients with Farmer’s Lung disease, Pepys et <d. (1963). About 
85 per cent, of these patients can be shown to have antibodies against an 
antigenic extract of Thermopolyspora polyspora. 

Requisites, — (1) Petri dishes prepared for double diffusion as described on 
page 948 with a well pattern consisting of a central well surrounded by 6 equi- 
distant satellite wells (a suitable cutter is manufactured by the Shandon 
Scientific Company, London — ^type 1812). 

(2) Extract of Thermopolyspora polyspora^ distributed by the Mycologies 
Reference Laboratory, London School of Hygiene and Tropical Medicine 
Keppel Street, London. 

(3) Patient’s serum. 

Method , — The test serum is placed in the central well with a clean Pasteur 
pipette and doubling dilutions of the antigen starting at 10 mg./ml. in 0*85 par 
cent, saline in the peripheral wells. A positive is indicated by the appe;^ance 
after incubation at 37® C. of 1 to 7 lines of precipitation. Strong sera show 
reactions in 24 hr. but several days’ incubation may be needed with other sera. 

The Gel-Precipitution Test for DifdUheria Toahti 

The following method diows the produetbn of diphtheria toxin in an 
agar plate culture and can be used as a substitute for the animal virulence test. 

Cuktire Meditm. 

A, ?ept<xM (Difeo proteose) . 

Maltose . . 

Lactic add (B.P.) . 

Disriiled wa^t . * 

Adjust pH to 7*8 


4*0 g. 

. 0*6 g. 

. 100*0 nil 



950 MB0ICAL M1CR0BI01.0OT 


B. Agu 3*0 g. 

Sodium chloride . . . ' , . ' lOg. 

DiatiUed waier 100-0 ««> 

Duaolve by heat, filter, adjuat pH to 7-8 

Mix equal parts of A and B, diatribute in 10 ml. amounta in acrew- 
c^ped bottka, ateriliae by ateamii^ for 30 min. on eadi of thiee aucceaaive 
daya. 

The Test. 

(1) Melt 10 ml. agar medium, cool to 55° C., add 2 ml. normal horse 

serum. Burroughs Wellcome No. 2, and pour into a Petri dish. 

(2) Introduce unmediately (before agar has time to set) a strip of fflter 

paper 60 mm. x 15 mm. which has previously b^ immersed in 
diphtheria antitoxin of a strength of 1000 umts per ml. and the 
surplus antitoxin allowed to drain off. I 

(3) Dry m surface of the medium for 45 min. in thei incubator. 

(4) Inoculate the plate by stroking a heavy inoculum of the diphtheria 

bacillus to be tested across the plate at right angles to the paper 
strip. Two or three strains can be thus stroked, and a known 
virulent (toxigenic) strain is also inoculated at thq same time. The 
line of inoculum should be as narrow as possible. 

(5) Incubate and examine after 24 and 48 hr. 

Note. — ^Plates should be foeshly prepared immediately before each test. 

A positive reaction is denoted by toe white lines commencing from the 
stroke about | in. from the filter-paper (see illustration). It appears at about 
24 hours’ incubation and in its early stages must be looked tor with a hand 
lens. The plate is best examined against a dark background; After 48 hours 
the white line of precipitation is easily seen. The toxin mffuses rideways 
from the stroke, and the antitoxin ditoses from the filter paper and where 
these meet at optimum neutraliring concentration, a precipitate is formed. 
If the plate is foen left at room temperature, second^ lines may be seen 
representing the interaction of other bacterial substances, diffusing out from 
the growth, with antibodies corresponding to them in the antitoxic serum. 
It should be realised that the diphtheria toxin used for the production of 
antitoxin is not a pure substance but may contain several antigens in addition 
to tihe actual toxin itself. 

It should be noted also tiiat not all makes of peptone are suitable and 
that some samples of horse serum prevent the devdopment of the reaction. 

ELECTROPHORESIS 

When charged particles are introduced into a conducting solvent and 
subjected to a direct current, they can be separated electrophoretically by 
virtue of tto fact that they move at rates deptmdent on their charge at the 
particular pH of the solvent used. 

l^ectroftoiresis is used in immunology; (1) For the identification of 
abnormal serum protrins. (2) For the determination of gan^ ^kibulin 
levels in sera or ctoer fiuids, and for tire preparatitm of ^bulin from such 
j^df. (3) As a prdirxiiiiaiy to irnmurio-dectrophoteris. 

F%. 78 shows tiie ««■«» normal serum com^nents tiiat can be identified 
by dectrophoreris and iriununo-dectroidiotesis. 

iq^aratus in its aiii^deat form conests of a power supply for <firect 
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CUCTHOPHOmESti ' 
ALBUMIN AND OLOBULINS 

UBMROfglNt 


GUYCOPROTCINS 


HAPTOGLOBIN 

AND 

TRANSFtRRIN 


Diagram showing miyor serum components. 
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current,^ positive and negative non-polarising electrodes (platinum) and 
vessels for each electrode (plastic lunch boxes are suitable). The electro* 

E horesis paper (either filter paper of cellulose acetate paper) forms a bridge 
etween the two vessels and before use is soaked in the electrophoreris buflEer 
and blotted before the serum or other material to be dectrophmeaed is 
applied. It is advisable to separate the electrodes from the part m the vessel 
into which the filter paper wicks (connecting the ends of the paper to dm 
buffer) are dipping to prevent electrolysis products from the dectrodes 
changing the pH of the buffer in contact with the wicks. This can be 
achieved as shown in the diagram by using two vessels connected by widos 
on each side, with the electrode in one vessel and the electrophoreds paper 


FILTER PAPER 
WICKS 



ELECTROPHORESIS 
PAPER 


FILTER PAPER 
WICKS 


kPER A 


ft 


ELECTRODE 


Fio. 79 

Diagram of simple electrophoresis ipparatus. 

connected to the other. Altonatively a sponge can be {daced actoaa tiw 
widtib of each box just in front of the electrode. Ihe current required will 
depend on the to be dectrophorcsed and the type of buffer used* 

With swum on cehulose acetate paper (Oadd) and veronal huffer pH S^Z 

' A power supt^ cw be obtained from die Shandon Scwodtie <3om|i«qr, 

London or L.K.B. Prodwfetur, London & StocUtolin. 
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(diethylbarbituric acid 1*38 g./btre, sodium veronal 8*76 g./Ktre, calcium 
lactate 0*38 g./litre made up in distilled water) a current of 1 td 2 mitliamps 
giving a voltage of 150 v, wiU give satisfactory sqjaration in about 2 hr. 
After 2 hr, the paper is removed using dean forceps and dried in an 
oven for 15 min, at 100® C. Good definition of the protein patterns can 
be achieved by staining the dried cdlulose acetate strip with nigrosin 
(Gurr) 0*0025 per cent, in 2 per cent, acetic add which stains the protein 
black over a period of a few hours. Excess stain is removed in running tap 
water. 


IMMUNO-ELECTROPHORESIS 

A glass slide is coated with 1 per cent, agar about 1 mm. thick made up 
in either veronal buffer pH 8*6 (diethylbarbituric acid 1*38 g, sodium veronal 
8*76 g., caldum lactate 0*38 g., distilled water, 1 litre) ot 0*2 M phosphate 
buffer pH 7*2. The former is the buffer commonly used in paper electro- 
phoresis and is available commercially^; the latter, however, gives better 
resolution of the predpitin bands and has a more suitabli pH for immuno- 
diffusion. A pattern is made in the agar with a cutter wMch can be con- 
structed by forcing two large gauge hypodermic needles (u~2 mm. internal 
diameter) with their points sawn off through the centre area of a large cork 
stopper 4 cm. in diameter about 7 mm. apart. Between the needles are placed 
the two halves of a razor blade inserted into the cork so that they are parallel 
and separated from each other by 1 mm. The cutter is lowered onto the 
agar on a slide to cut the required pattern and the agar plugs are removed 
from the wells cut with the needles (a fine Pasteur pipette on a water pump 
is suitable). The agar between the two parallel cuts made by the razor blades 
is left in situ until after electrophoresis. The prepared slide is used as a 
bridge between the two compartments of the electrophoresis apparatus, and 
is connected to the buffer at each end by means of filter paper wicks. It is 
important that the wicks are kept damp as they tend to heat up and dry due 
to the passage of the current. Electrophoresis of the antigen (placed in the 
peripheral wells) is carried out using about 50 volts requiring approximately 
2*5 ma. per slide for a period (45 min.-4 hr.) sufficient to give adequate 
separation of the different components of the antigen. Following this the 
band of agar in the trough between the two razor blade slits is removed and 
the antiserum run into the trough. The slide is then placed in a humid 
atmosphere at 4® C. or 37® C. to allow the development of the precipitin 
reaction. The preparation is examined at intervals using the viewing box 
described on page 948. Any precipitin bands formed can be recorded by 
drawing the pattern obtained on a piece of paper or the preparation can be 
photographed. Staining of the bands with a protein stain improves the clarity 
of the patterns and may even show up precipitin bands which cannot be 
seen in tiie unstained preparation. Such stained preparations can conveni- 
ently be dried and kept for reference. -^A suitable procedure for staining and 
drying is as follows: — 

(1) The unprecipitated protein is washed out of the agar by immersion 
of the slide for 24 hr. in the buffer used to make up the agar solution* 

(2) The slide is then washed for 15 min. in 1 per cent, acetic acid to 
remove excess salts. 

(3) Staining is carried out with a protein stain such as naphthalene blaa 
made up to a 1 per cent, solution in a solvent containing glacial acetic add 

^ L.K.B. Ficduktur, London Be Stockholm. 



lMHtrNO>£l,£CTROt>13K>RStlS 

(5) The preparatton » My soaked in 1 per cent acetic add containing 
1 per aait glycerol for 15 mm. and dried at 37"^ C. in wt incubafor. * 


ANTKSBN-ANllBODY REACTIONS TOING FLUORESCENT 

LABELS 

Tte prwase locdiMtion of tissue antigens or of dte antijKns of infecting 
orgaiusms m the body, of anti-tissue antibody and of antigen-antibody 
comply WM achieved by the introduction of the use of fluorodiro^ 
labeUed proteins by C^ons and ^plan in 1950. This immunofluorescence 
techmque ^mbines the sensitivity and specificity of immunology with the 
precision of microscopy; it has yielded new information that could hardly 
have been ^scovered m any other way. The absorption of ultraviolet light 
between 290 md 495 mfi by fluorescein and its emission of longer^wavelength 
green light (525 mfi) is used to visualise protein labelled with this dye. The 
technique is more sensitive than precipitation or complement fixation 
techniques, and fluorescent protein tracers can be detected at a concentration 
of the order of 1 fig. protein per ml. of body fluid (Nairn, 1962). Of the 
variety of fluorescent dyes available fluorescein isothiocyanate which emits 
a green light and lissamine rhodamine B (RB200) emitting an orange 
yellow colour are most commonly used. In both cases the conjugation 
process is very simple. There are two main methods used in immune* 
fluorescent work, the direct method and the indirect method (Fig. 80). 
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rNDiRecr 
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*SIT1 ON 
ANTtOEN ROA AS. 


]■ 


COMBINING SITE 
’(U.ANTIGENIC DETERMINANT]^ 
ON ANTIBODY. 


COMBINING SITE I — COMBINING SITE ON ANTIBODY 

SITE ON J SPECIFIC FOA ABOVE- ^ 

.NTIiOOY \ AHTIOENIC OETB«M.tl«MT. 

PON ABOVE ANTIGEN. 

H.TCHIHO BtimtSeMTi FLUORESCEIN CONJUOATtP AWTipppY. 

Fig. 80 

Diagmm iUuEtxating tfw direct and indirect fluorescent antibody me^ods. 
AGsfAntigen. AB»Antibody, 

The direct metluKl consists of bringing fluorescein tagged soflbodm imo 
contact vririt antigana fixed on a slide, allowing them to react, washing aS 
the excess antibody and examining the slide under the fluorescence micro- 
scope. The site of «»»»«" of the labeled antibody witii its ant^oi cMt bs 
fletennined by the apple green or orange yellow fluorescent areas cm the slide. 
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The hidicect method » used both for deteetiog.opecific antibodtee in sera 
or odier body fluids and also aa a dire(« method for identi^^ entigens. 
For the detection at antibodiea (for enan{de those in smiim to a particular 
antigen), a slide on which a preparatfon of the antigon on a slide a Ikwded 
witii the apet^ serum, and alter an interval tiie ncess serum is washed off. 
The localisation of the antibody on the antigen reparation is then visualised 
micr(»copically by layering the slide with a fluorescein labelled antibody 
specific for the serum proteins of the serum under test. The most suitable 
type of labelled uxtibray is that directed primarily against the ^bulin 
(antibody containing) fraction of the test serum, i.e. a fluorescein labelled 
anti-globulin serum. Such an ant^lobulin serum can be used to detect 
antibody j^obulin in sera to a variety of different antigens. Identification 
of an urumown antigen by the indirect immunofluorescence method is accom- 
plish^ by h^ering a known antibody on to a slide on which there is a pre- 
paration of foe unknown antigen. Alter washing off the excess antibody 
Ae preparation is layered as in the above example with a fluorescein con- 
jugated anti-globulin serum spedfic for the globulin onthe known antibody. 
Fluorescence indicates a res^on between the unkno^ antigen and the 
known antibody globulin. \ 

The indirect technique is substantially more sepsitive (4 to 12 fold) than 
the direct method due to the additional combining sitW which are made 
available by the antibody molecules of the middle layer acting as antigen 
for the fluorescent antiglobulin. 

Cotyugation of Aatfoerum with Fluturescein bothiocyanate 

Prior to conjugation it is necessary to separate the globulin fraction from 
the antiserum and this is conveniently carried out by 50 per cent saturation 
with ammonium sulphate as follows: — | 

(1) Equal volumes, e.g. 10 ml., of antiserum and saturated ammonium 
sulphate are chilled separately in universal containers until ice crystals start 
to form in the antiserum, and then mixed by pourii^ the ammonium 
sulphate (aU at once) into the antiserum. The mixture is then shaken well 
and left for 2 hr. in the cold at 4” C. 

(2) The precipitated globulin is separated from the supernatant albumin 
by centrifogation at 3000 6 in a refrigerated centrifuge at 4° C. 

(3) The supernatant is removed and the precipitate dissolved in a small 
volume of disfoled water, just sufficient to di^lve the globulin completely. 
The gfobulin solution is foen diafysed ovem%ht against 0*85 per cent. NaCl 
at 4 °C. to remove the ammonium sulphate. 

(4) The total proton of the dialy^ globulin is then estimated by a 
convenient method, e.g. the quantitative Biuret method. Provided only a 
amall volume of distiUed water was used in the previous step the protein 
concentration ^lould be 20-30 mg./ml. 

Conjs^aiion. — Protons contain several different chemical groups which 
can be used for the attachment of fluorochromes. These infoide the ^ 
amino and carbmcyl ^ups at the ends of each protein chain and free amino 
groups in the foone ode chains. The optimal quantity of fluorescein has been 

estimate 1^ Coons and Kaplan (1950) as 0*05 mg-./mg. of proton. Above 
this levid no liurther onijugafom takes place and pn^resnvely laiget amounts 
of protein are denaturefo 

Cbtpitgainan 

;|1) The gfobulin fraction pttqHued as indicated above is diluted to 10 rng> 
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of prolettii jper mL with 0*5 M caiboiute>bicarib«ute buSnr pH .9*2 ^ SS4) 
up n«sh before use) so that ^ final mixture coataim 10 {W oeht, 

bu®». 

(2) Hie sdtttion is chilled to 4° C. and 0*05 mg. c£ fiuocesoefo ne- 
^ocyanate (British Drug Houses) per n^. of proton is »lded. D<mi% tibe 
addition of ue fluorochrome and for die next 18 hr. the mixture should be 
stirred continuously, e,g. with a magnetic Mirrer, and at 4** C. 

(4) Following conjugation excms fluorescdn is dwysed awi^ m ai^ 
phoqihate buffered si^e (physiological 0*85 per ooit. NaQ Ixufiwred stitib 
0*01 M phosphate) in tiie cold, <manging the buffer firequentiy until tim 
dialysate ctmtains no further dye. 

(5) The conjug^ is finally centrifoged for 45 nan. at 5000 G at 4” C. 
to remove any precipitated denatured protem. 

Collation with limmine Rhodamine B (RB200) 

The fluorochrome is used as the sulphonyl chloride prepared by grinding 
0*5 g. of IIB200 with 1 g. of PClg in a mortar (using a fume wpboard). 
After Tnrring, 5 ml. of acetone is added with stirring for a few minutes ai^ 
the mixture filtered This solution should be used within 48 hr. of pre- 
paration. The conjugation process is similar to that for fluorescdn iso- 
thioc 3 ranate except t^t 0*2 ml. of the solution is used for every 100 n%. 
of protein and after mixing with the globulin stirring need only be continued 
for 30 min. 

Storage of Conjugates 

0<>pjiigatw» may be stored at 4° C. with the addition of preservative, e.g. 
merthiolate 1/10,000; alternatively tiiqr may be stored at —20° C. or fteexe 
dried. Prior to use non-specific fluorescence will require to be absorbed out 
from the conjugate. 


Anti-nnclear Factor Test 

The application of the indirect fluorescent antibody technique to the 
study of sera that ate able to induce the formation of LE c^ showed 
that these sera contain an antibody— rte antmudear factor (^F)— winch 
reacts with the nudd of tissue cells. The method is w valuable m the 
dia gi><v»i« of systemic lupus erythematosus (SLE) that it is penally agr^ 
that a diagnom of SLE would be difficult to sustain m the absence of a 
positive test. It is necessary to point out however that positive teste cro 
be found in other disease states and in occasional nomd sem-usudly in 
low titre— and that apositive test docs not necessarily imply ttet tiie patient 
is sufferiitg from SLE. 

Mertod (Wdr, Hdborow & Johnson, 1961): 

smirce of cell nudd— sections of animal t^ are oommpaly 
e.g. Stiver, calf thyrdd. The freshty takm tiwe is snap ,£^oxm to a 
seded and CUt «now at -70* C. and se^m apprmmn^y 6 n 

thick are cut in a cryostat* The sections are air dned m front of a smiffi 
dectriefan. 

* Soulh London Electric ConW. London, SJE. 13 and PreMcdd 

Lte., gwanaea, maaifoctaw iurtalHe inoaan* 
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(2) Anti-hmnah gtobulia conjugal^ with fiuoi^esoeiti iaotMocyamte. 
Uxiconjugated sermn can be obtained from Burroo^ Wellcome and con- 
jugated by the mediod described on page 954 or a Difco conjugated serum 
can be obtained from Baird & Tatbek (London). 

(3) Buffered saline pH 7*1 (physioiogical ^ine buffered by 0*01 M 
phosphate). 

(4) Clean slides and coverslips. 

(5) Btiffsred glycerol mounting medium (one part of the buffered saline 
to 9 parts of glycerol). 

Absorption of corgugates. — To remove “non-specific” fluorescence of the 
conjugate it is absorbed with liver powder prepared from fresh rabbit or 
mouse liver homogenised in a Waring blender, repeatedly washed with acetone 
and finally dried and finely powdered in a mortar and pestle. Approximately 
100 mg. of the resulting powder is used for absorbing 1 ml. of conjugate. 
The carefully shaken mixture is left for 1 hour, after 'vthich the conjugate is 
recovered by centrifugation (1500-2000 G for 10 min.). [ A further absorption 
may be required with some conjugates. 

The Test 

Each section is covered' with a few drops of test senim {see controls) and 
incubated in a moist chamber for 30 min. at 37° C. After incubation, the 
serum is washed off carefully in two changes of the buffered saline for a total 
of 20 min., fixed in 90 per cent, alcohol for 5 min., washed again in buffer, and 
stained with the fluorescein conjugated anti-human globulin serum by 
covering the section with a few drops of the conjugate and incubating as 
before. After 30 min. the sections are again washed and mounted in buffered 
glycerol. Examination of these sections under the fluorescence microscope 
(see p. 632) will show apple green fluorescence of the cell nuclei in a positive 
preparation and unstained spaces in negative sera. 

Controls. — Each series of tests should include a known positive serum 
and a negative serum control. It will be found necessary to dilute the test 
serum with buffer in this test as in the FTA 200 technique {vide infra) in order 
to dilute out the “non-specific” adherence of serum proteins to tissues. The 
actual dilution necessary may vary with different anti-human globulin 
conjugates and a trial wiU have to be carried out using a group of 10 normal 
sera mluted at e.g. 1/2 to 1/20 to establish the most suitable dilution required 
to give an unstained background. (See Holborow & Johnson, 1954.) 

FTA 200 test 

The indirect fluoresemt antibody technique is used for the detection 
of specific antibodies to Treponema pallidum and is a simple alternative to the 
Treponema Pallidum Immobilisation Test The test is based on that 
desmbed by Deacon, Falcone andJHarris ^957) and utilises a desiccated 
standardised kUIed suspension of Trep. paladum and fluorescein conjugated 
goat anti-human globimn serum. The reagents (Difco) required can be 
obtained commercially from Baird & Tatl^ ^London). The conjugate 
may requite to be absorbed with liver powder {vtde' supra). 

The Test 

fi) Draw a circle 1 cm. in diameter on a dean dry microscope slide. 

(2) Place approximately 0*01 ml of the reconstituted treponemal antigen 
kilurion on the slide covering the encircled area. Allow to dry. 
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(3) Fk the smear of mganisms wiA anhydrous acetone for 10 min. and 
allow to dry. 

(4) Uyer the MW of organisms with about 0-03 ml of the patiwjt'S 
serum diluted 1/200 m buffer pH 7-0 (page 852). Known positive and 
negative controls should be set up at the timo, 

f5) Place the slide in a damp chamber for 1 hr. at 37* C. 

(6) Wash off excess serum in t^ buffer for 10 min., change the buffer 
twice dunng this time. Blot the slide gently with absm'bent p^r. 

|7) Add one drop of the fluorescan conjugated goat Mti*human globulin 
to tte serum treated smear of orgaiusms, and leave in a damn chMber for 
30 min. at 37® C. 

(8) Wash off excess conjugate in the buffered saline for 10 min. chan ging 
the buffer once. Remove the slides, blot, place a drop of buffered ^ycerol 
(page 956) on the smear and cover with a glass coversl^, 

(9) Examine under the fluorescence microscope (see p. 632) using dark 
ground illumination. Careful comparison of the negative control witii the 
positive control will show green fluorescent treponema distinctly vitible in the 
positive control only. If tungsten lighting is available on the microscope a 
useful check of what appear under UV to be fluorescent organisms can be 
made by exanunation of the same field under the tungsten light. In routine 
use, and once the worker is familiar with the appearances with positive and 
negative sera, the test should be carried out so as to include, amongst the sera 
under test, positive and negative controls which should be examined without 
prior knowledge of their origin. When the tests have all been read the results 
can then be checked with the actual origin and labelling of the preparations. 


LECeUTest 

A sample of clotted blood (2 ml or more) is taken into a clean dry con- 
tainer and incubated at 37® C. as soon as possible after having been taken 
from the patient After 2 hr. the container is shaken (m order to damage 
some of the leucocytes and make them more susceptible to LE cell forma- 
tion) and re-incubated for a further 20 min. At the end of this period, using 
a Pasteur pipette, the mixture of serum and cells is separated from tire dot, 
and centrifuged for 5 min. in a Wintrobe tube at approximately 1000 G 
The superficial layer— “the buffy coat” containing the leucocytes—4s care- 
fully removed using a fate Pasteur pipette and filiw prepared on dean glass 
slides. Alter staining with Leishman’s stain the slides are examin^ under 
the low power objective for 10 min. and the oil immersion objective used 
to examine suspidous cells dmely. Only polymorphs containing homo-, 
geneous incluainna vtiiich Stain a pink purple colour and vdiich shbtv no 
residual chr omatin pattern should be accepted as LE cells. The pd^orph 
nudeus is displaced to one side of the cell by the large indusion which is 
surrounded by a thin rim of polymorph cytoplasm. More darkly stainii^ 
indutions (ir^ested undtered leucocyte nuclei) with well marked duomatio 
pattern and phagocytosed red cells must be differentiated from a true LE 
cell. , 
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CHAPTER 55 


BACTERIOLOGY OF WATER, MILK, lOS-CREAM, 
SHELL-FISH, OTHER FOODS, AIR 


BACTERIOLOGICAL EXAMINATION OF WATER 


with sewage or other 

excreted matter may cause outbreaks of intestinal infections suchM typhoid 
pubhc water supplies, health authorities andWter 
^ ^ information obtained from the results of frequent bacterio- 
logi^ tests. Tlw demonstration of pathogenic bacteria, e.g. the typhoid 
baaUu^ would obviously constttute the most direct proof of a daiSroua 

«e usually so scanty that the tech- 
nical difficulty of their isolation makes the test impracticable for ordinary 
purposes (but we 975). Instead we rely on tests that will reveal the present 
of commensal bactem of intestinal origin such as those of the coliform eroup, 
Streptococcus faecalu and Clostridium welchii. These do not thei^lvw 
constitute a hazard, but they indicate that faecal matter has entered the supply 
and tMt the water is therefore liable to contamination with more dangerous 
orffiuiMms. The cohform bacilU are the most reliable indicators of faecal 
pollution, ^though the presence of streptococci is strong evidence of faecal 
pollution, their absence does not exclude such impurity. The sporing 
anaerobes, on the other hand, being highly resistant, would m the absence 
of the other mtestinal organisms indicate pollution of some remote period 
rather than one of recent occurrence. 


Since the^ coliform group of bacteria may be derived from the intestines 
of various aminals and birds they are likely to occur in small numbers even 
in water supplies far removed from the possibility of human contamination. 
Water grossly polluted with human excretal matter, e.g. sewage, 
them in luger numbers. The test for their presence as an index of the denee 
of pollution must therefore be carried out on a quantitative TI» 

coliform groi^ of lactose-fermenting Gram-negative bacilli iud udes a 
number of ditterent organisms (Enterobacteriaceae). Those referred to as 
“typical” or *‘ffiecal” (e.g. Esch. coU)^ are essentially commensals of the in- 
testine and ate derived almost exclusively from this source. Others, known 
as “atypiad” (^g. KL aerogenes), may grow also in the soil and on vegetation, 
and by derivation from these sources often come to be present in waters'tl^ 
ve not subject to excretal pollution. The typical faecal bacilli {Esch. coK) die 
in water during the course of several days or weeks after leaving the annual 
intestine; thus, thdr presence in water is an indication of recent fax^ om- 
tamination, whereas uie presence of the hardier atypical coliforms is imt 
necessarily so. In carrying out the test for coliform bacilli in water it is 
therefore advisable to determine whether the strains presoit are typcal or 
atypical j? 


A determination of the total number of viable bacteria in a water aaii^ 
la a useful supplementary test, although of limited value by itseH It.giwia 
M indicatKMi m the amount and type of organic matter present in the safely; 
The test is carried out in duplicate at 37° C. and 20°-^° C. Hie baeteiia 
that grow 37° C. are mort likdiy to be associated with otganfc material 

of hiunan or orig^ whereas ffiose growing at the lower temperature 
3p 



962 MBDICAL MICROBIOLOGY 

arc mainly saprophytes that normally inhabit the water or ar; derived from 
soil and vegetation. 

The routine tests generally used in bacteriological examination of water 
are: 

1. A quantitative test for all coliform bacilli known as the presumptive 
coUform count. 

2. A differential test for typical coliform badlli {Esch. coU) known as the 
differential coUform test. 

3. An enumeration of viable bacteria known as the plate count; this is 
done in duplicate, cultivating at 37^ C. and 22^ C. 

Chemical analyses are sometimes used for judging the quality of water 
supplies. They are not, however, as sensitive as bacterial tests for detecting 
dangerous pollution. 


Collection of Specimens \ 

Specimens are taken in bottles, of c. 230 ml. capacity, with ground-glass 
stoppers having an overhanging rim; they are steiWsedlby autoclaving, the 
stopper and neck of the bottle being covered over by two layers of kraft 
paper. Alternatively, 6-02. screw-capped bottles may be' used. These are 
wrapped in kraft paper and sterilised in the autoclave. The opening and 
closing of the bottle in the process of collecting a sample must be carried out 
with meticulous care to avoid any bacterial contamination from an outside 
source. When water is drawn from a tap, the mouth of the tsp should be 
flamed, e.g. with a blow-lamp or spirit lamp, and the water allowed to run 
for 5 min. before filling the bottle. In the case of streams, rivers and lakes, 
the stopper should be removed carefully with one hand, a^d with the other 
the bottle held at its base should be inserted, mouth downward, a foot below 
the surface of the water; the bottle is then turned so that the mouth is 
directed to the current and water flows into the bottle without coming into 
contact with the hand. If there is no current the bottle should be moved 
horizontally, the mouth foremost, so that water flows into it. The bottle 
is then brought to the surface and the stopper is replaced. Care must be 
taken that the stopper is not contaminated during the sampling process. 
This method of sampling avoids the collection of surface water, which may 
contain a good deal of decomposing vegetable matter. 

When a sample is to be obtained from a depth, a bottle weighted with 
lead is used, having two cords attached — one to the neck, the oi^er to the 
stopper; the bottle is lowered to the required depth, and is filled by jerking 
out the stopper by means of the attached cord; the bottle is then quickly 
raised to the surface and re-stoppered. 

When 3 hr. or more must elapse before the laboratoiy examination can 
be carried out, the bottles should kept on ice. Special insulated boxes 
for the purpose can be obtained and are essential where specimezm have to 
be transported some distance. 

Neutralisation of Chlorine . — If a sample is taken from a chlorinated water 
supply it is important that any traces of free chlorine should be neutralised 
immediately as otherwise killing of bacteria may proceed in the time elapsing 
before the specimen is examined in the laboratory. A cry^ of sodium 
thiosulphate introduced into the sampling bottle prior to sterilisatton serves 
to effect neutralisation. 

Immediately before testis, the water sample should be mixed by 

imtief^thebotde25 tim^ Thereafter some of the contents am poured off, 
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the atopper is replaced and the bottle ia shaken vi^rously 25 times wth an 
up-and-down movement. 

Presumptive CoUform Count (Multt|^ 

Tube Technique) 

An estimation of the number of coliform bacilli in a wattf supply is 
usually made by adding varying quantities of the water (from 0*1 ml. to 
SO ml.) to bile ^t lactose peptone water (with an indicator of acidity) con- 
tained in bottles with Durham tubes to show the formation of gas; acid and 
gas formation (a “positive” result) indicates the growth of coliform 
In this way it is possible to state the smallest quantity of water containing a 
coliform bacillus and thus to express the degree of contamination with tbjf 
group of organisms. 

This method requires examination by culture of several samples of 
several different quantities of the water so that an average result can be 
stated. It has been shown that if one 50 ml., five 10 ml. and five 1 mL 
volumes, or five 10 ml, five 1 ml. and five 0-1 mL volumes are tested, ihe 
probable number of coliform bacilli in 100 mL can be computed according 
to the various combinations of positive and negative results, tables compiled 
by McCrady being used for the purpose (p. 964). This is the method 
reconunended for routine use. 

Method. — ^Measured amounts {vide infra) of single and double strength 
modified MacConkey’s fluid medium (see p. 781) are sterilised in bottles 
containing a Durham tube for indicating gas production. The size of ^ 
bottle varies with the quantity of medium and water to be added to it. 

With sterile graduated pipettes the following amounts of water are added: 

One 50 ml. quantity of water to 50 ml. double strength medium 

Five 10 ml. quantities each to 10 ml. double strength medium 

Five 1 mL „ „ 5 ml. single „ „ 

Five 01 ml 5 ml. „ „ „ 

This range of quantities may be altered according to the likely conditkm 
of the water examined; thus, the 50 ml. quantity is included when testing 
filtered or chlorinated water, and in this case it is unnecessary to examine 
0-1 ml. volumes. This amount, i,e. 1 ml. of the sample diluted 1 in 10 (for 
dilution technique, see p. 968), is tested only when the water supply is 
suspected of being highly contaminated. 

The bottles are incubated at 37® C. and examined after 18-24 hr. 'Iliose 
that show acid and sufiident gas to fill the concavity at the top of die Duibato 
tube are considered to be “presumptive positive” as a result of die growth 
of coliform b ariHi. Any remaining negative botdes are rdncubated far 
another 24 hr., and if add and gas develop they too are regarded as bong 
positive. In reporting the results of the presumptive test reference is now 
made to McCrady’s probability tables (pp. 96^966). According to dte 
various combinations of positive and n^pstive results obtained the probatde . 
number of coliform bacilli in 100 ml. of the water can be read. 

According to the ol^ system of notation, these results can be stated 
alternati^y as “coliform bacillus present in . . . ml.”, the number of mL 
b eing IQO divided by the figure in the last column; thus, if die number of 
coliform KsdOi in 100 is 5, the result can be stated as Ihm^iis 

present in 20 mL”, 20 mL being the wnallest amount of water in a 
coUform bacillus is hkely to be present. 
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Probability Tables (according to McC^rady) 
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Probdble number of coliform bacilli in 100 ml. of water. 
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QuAjmrv op Water 

10 ml. 

1 ml. 

0-1 ml. 
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No. of samples of 
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Differential CoUform Test 

To ascert^n T^ether the coliform bac&li detected in the presumptive test 
arc the Eijkman test is usually employed. Tte depends on ^ 

ability of Esch, coU to produce gas when growing in bile^salt lactose peptmie 
water at 44° C., and the inability of atypical coliform bacilli to do t hlsr After 
the usual presumptive test, subcultures are made from all the bottles showing 
acid and gas into fresh tubes of single strength MacConkey*s medium. It is 
advisable to heat the tubes to 37° C. in a water-teth before inoculating them. 
They are then incubated at 44° C. and examined after 24 hr. Those yielding 
gas may be regarded as containing Esck coli and a computation of the number 
in 100 ml. of water can be made as before. This is the ^^confirmed Esdi. coU 
count”. 

An alternative medium for use in the Eijkman test is brilliofii green bih 
broth (p. 782), This was found by Mackenzie et al (1948) to be superior to 
MacConkey’s fluid medium for detecting typical coliform bacilli, since the 
brilliant green tends to suppress the growth of anaerobic lactose-fermenting 
orgamsms such as Cl, welchii^ which otherwise might give false positive 
reactions at 44° C. Positive results in this medium are indicated by gas 
production and turbidity. There is no colour change. 

Two types of atypical coliform bacilli are known to give rise to gas 
production at 44° C, They are Irregular Type II and Irregular Type VI 
as classified by Wilson et al (1935). Unlike typical coliform bacilli these 
types are unable to produce indole at 44° C, Although they rarely occur in 
water supplies in this country, it is advisable when carrying out Eijkman 
tests to inoculate at the same time tubes of peptone water from the positive 
“presumptive” tubes. All tubes are incubated at 44° C. 

The following interpretation of results is given by Mackenzie et al. 


Gas in brilliant green 
bile broth at 44° C. 

Indole production 


at44°C. 


4* 

+ 

laical colifonn badOi 
(Irregular Type II 

+ 




(Irregular Type VI 


+ 

(Other coliform 

- 

- 

t organisma 


It is very important that incubation at 44° C. should be carried out in t 
thermostatically controlled water-bath that docs not deviate more tihan 
0*5° C. from 44° C. An incubator is not satisfactory. 

For fuller differentiation of the coliform group by means of the methyl-red^ 
Voges-Proritauer, citrate-utilisation and sugar fermentation reactionSi refer- 
ence should be made to Chapter 18. 

The Plate Count 

With a sterile graduated pipette place 1 ml, water in a sterile Petri di^ 
(4 in, diameter) and add 10 ml yeast extract agar (see p, 781)* w 
cooledto50°C.;mixthoroughlyandallowtosolidify. The agar should be as 

transparent as possible. , a ^ 

If the water is suspected of contamination, plate out 
f-f. 01 ml* and in (toding with specimens winch may 
IS advisable to a series of plate cultutes with faruier decreasing 
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ties of the water. Serial dilutions may be made from the sample, 1 in 10, 
1 in 100, etc., using sterile quarter-strength Ringer’s solution as a diluent. 
In preparing the 1 in 10 dilution, 10 ml. of the well-mixed sample is added 
to 90 ml of Ringer’s solution contained in a screw-capped bottle of 120 ml. 
capacity. After thorough mixing, further tenfold dilutions can be prepared 
by transferring 10 ml. of the 1 in 10 dilution to a second bottle of 90 ml 
Ringer’s solution and so on. One ml. quantities of each dilution are then 
plated. 

Prepare duplicate plates from each volume or dilution, and incubate one 
at 37° C. for one day and the other at 20°-22° C. for three days. Those 
organisms that grow rapidly at 37° C. are mainly parasitic and. are derived 
from excrement contamination, while those growing best at 20°-22° C. 
are the natural saprophytes of water and soil. It is customary in some 
laboratories to extend the incubation period at 37° C. to 48 hr. This is not 
recommended since after two days certain saprophytic bacteria capable of 
growing more slowly at 37° C. may have developed intp visible colonies. 

After incubation, the colonies that have developed in the medium are 
counted using a hand lens, if necessary, to detect small colonies. Each colony 
may be taken to represent one viable bacterium in the wiginal specimen. 

To facilitate the counting of colonies, to prevent eye-strain and to 
minimise inaccuracies, it is desirable that a special illummated counting box 
and a magnifying glass should be used. A mechanical hand tally counter 
should be used and as each colony is recorded it should be “spotted*' by pen 
and ink on the under surface of the plate. If there are large numbers of 
colonies present divide the plate into sections by ruling lightly on the under- 
surface with a grease pencil and count the colonies in each section. If the 
plates prepared from the undiluted water show between 30 and 300 colonies, 
these should be counted. If there are more than 300 colonies and the sample 
has been diluted, then the plates giving counts between 30 and 300 should 
be selected and the other discarded. If all plates show more than 300 
colonies, then the result should be reported as more than 300 multiplied by 
the reciprocal of the highest dilution used; e,g. if the sample was diluted 
1 in 100, the result would be given as “more than 30,000**. Alternatively, 
provided no more than 500 colonies are present, a count of more than 300 
colonies may be made as accurately as possible and the result given as an 
approximate one. Since only a proportion of the bacteria originally present 
in the water are capable of developing under the conditions of the test, the 
total colony count represents the number of organisms per ml. of the sample, 
which have grown at the specified temperature (f.e. 37° C. or 22° C.) in the 
specified time (i.e. one day or three days). The result is expressed briefly 
as the plate count per ml, at 37° C. and 22° C. 

Interpretation <»f Results 

It must be realised that it is not possible to lay down rigid bacteriological 
standards to which all drinking-water supplies should conform. The 
bacteriological flora of water varies widely according to the nature of the 
supply, i.e. whether it is derived from a well, river, likt or reservoir, ^d to 
the climatic conditions prevailing in the gathering grounds. The aim of 
the authorities should be to obtain a thorough knowlMge of the topography 
of the catchment area and in the light of this to establish a standard for that 
particular supply, based on regular and frequent bacteriologicd examina- 
dons. Any kter deviation from that standard should be viewed with 
suspkaon. 
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GeneraEy spiking, the results of plate counts arc by themsdivea of 
value in estimatmg the hygienic quaHty of a water supply, though where 
regular obse^ations are made on the same supply, a high count on a par^ 
ticular occasion may draw attentbn to a fault requiring invesligattoru A 
slight rise in the count of water from a deep well which is normally v«ty 
pure may be the earliest indication that a defect has occurred in the structure 
of the well and is allowing its pollution from outside. The plate count is 
also of value in judging the efficacy of water treatment processes and in 
indicating whether a particular supply is suitable for use in the 
of food and drink, where a high bacterial content may lead to food spoili^* 

The test for coliform bacilli is of much greassr value in assessing the 
quality of a water supply. In interpreting the results, however, the nature 
of the supply must still be taken into account. Heavy rain after a dry spell 
may cause flooding of the countryside carrying soil and vegetation into a 
water supply or give rise to flooding of drains and cess pools with the risk 
of more serious contamination. Bacteriological examinations therefore should 
always be carried out after a sudden climatic change of this kind. 

Chlorinated Supplies. — ^The water supplied to most large citto is 
treated by chlorination. In Report No. 71 Ministry of Herith (1956) it is 
recommended that if tests reveal the presence of coliform bacilli (of any kind) 
in 100 of chlorinated water as it enters the distribution system, the treat- 
ment should be considered inefficient. Since, however, spore-bearing l^cilli 
such as CL vselckii may survive chlorination and give a positive reaction in the 
presumptive test, it is advisable, before condemning the supply, to confirrn 
the result by plating out all the positive bottles on MacConkey’s agar and 
discarding those that fail to produce pink colonies. 

Non-chlorinated Piped Supplies.— In the same report it is recom- 
mended that non-chlorinated piped water supplies, sampled on enteric the 
distribution system of any community of more than minimal population, 
should be classified as follows: 




Presumptive 
coliform count 
per 100 ml. 

Esch, coli 
count 

per 100 ml. 

Class 1 
Class 2 
Class 3 

Class 4 

— — 

Excellent 

Satisfactory 

Suspicious 

Unsatisfactory 

0 

1-3 

440 

greater than 10 

0 

0 

0 

0, 1 or more 

« •_ A 


The presence of Esch. coH inimediately places the sample in Class 4. . 


Thus it is conadoced that the presence of Esch. cob m 100 
in a supidy of thia nature renders it unfit for dnnkmg purpj^ 
other iffi a certain degree of latitude with regard to the cohform » 
permitt^ aince it is <Mcult to prevent the occmo^ presence of “*1^ 
Suform organisms in untreated water. 
the results ^frequent testa are sugges^ 

of samples sfaoah fidl into Class 1, 80 Sifo dS3 

Class 2. and the remainder should not fall l^w Class 3. 
or other pure watew that noimaUy feU into ^ 

even to Cliws 2 would luive to be considered si^ncant. i 

1 . 

as it enttos the ^stnbulion system. Between ^ poiM 
premises there roahy sources of contamnahon {e.g. 
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on taps, padking in jointa of water pipes, service reservoirs or cistems may 
all harbour colifonn orgamsms). If a comparison of the witer before and 
after distribution reveals wide differences in the quality, then steps should 
be taken without delay to detect and remove the cause. The W.H.O. (1961) 
have recommended certain minimum requirements regarding the frequency 
of testing of water within the distribution system depending on the size of 
population. 

Vnpiped Rural Supplies . — In small rural communities where no piped 
water supply is available, a private supply e.g. a shallow weU adequately 
protected from obvious sources of pollution, should be considered adequate 
if the coliform count lies between 10 and 25 per 100 ml. If it fails repeatedly 
to keep within that limit, if it reaches 50 or more per 100 ml. or if Esch, coli 
appears in more than minimal numbers, the supply should be condemned 
for drinking purposes. 

Pollution resulting from Heavy Rain . — ^It is particullarly advisable to test 
all water supplies at short intervals after heavy rain follows a dry spell. A 
sudden increase in the number of coliform bacilli after rain might indicate 
flooding of the surrounding countryside and the potential danger of water- 
borne disease often associated with flood water. \ 

Examination for Streptococci. — ^The type bf str^tococcus indicative 
of faecal pollution is Streptococcus faecalis. This organism grows in the 
medium used for the test for coliform bacilli and by itself ferments the 
lactose but without gas production. Its presence in water can therefore be 
determined by further examination of the contents of the bottles showing 
acid or acid and gas fermentation in the above mentioned test. 

In order to isolate Strept. faecalis from other organisms which may be 
present, several methods have been advocated. The Metropolitan Water 
Board have obtained the most satisfactory results from t^ use of a medium 
containing sodium azide (Hannay & Norton, 1947). Slibcultures from all 
positive bottles in the presumptive coliform test are made into tubes con- 
taining 5 ml. of sterile sodium azide medium (see p. 782). 

The presence of Strept. faecalis is indicated by the production of acid in 
the medium within 18 hr. at an incubation temperature of 45® C. Their 
presence in any tubes which become acid should be confirmed by plating 
out a heavy inoculum on MacConkey’s agar. StrepU faecalis produces 
characteristic minute red colonies. 

The demonstration of Strept faecalis is of value in confirming the faecal 
origin of coliform bacilli in cases where there may be difficulty in interpreting 
the results of the coliform test 

Examination for Cloatridium welcliii.--50 xnl. of water are added 
to 100 ml. of sterile milk (or litmus milk mediun^ in a stoppered bottle of 
suitable size. The bottle is then heated at 80® C. for 15 min. to destroy 
non*8poring organisms. Sterile liquid paraffin is run on to the surface of 
the m^um to maintain anaerobiosis. 

The tubes should be incubate? for at least five days at 37® C., although 
the **stormy clot” reaction which is indicative of the presence of CL teelchii 
mav develop within 24 to 72 hr. If varying quantities of water are examined 
as m the presumptive coliform test, an estimate of the probable number of 
CL toeldm in 100 ml of water can ht made. 

Although in recently contaminated water CL mlchn occurs in much 
smidler numbers ]than Ekh. coU, it is able to survive for much longer periods 
the non-sporing bacteria of faecal origin. The chief value of the test 
therefore is in detecting pollution of some previous time or to confirm the 
faecal orig^ of atypical coliform bacilli in the absence of Eseh. ceiL 
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Bacteriological ^Kaminatioa rf Sewage 
and Sewage Effluents 

The bacteriological examination of sewage may be called out to determine 
the purity of an effluent from a sewage purification process. The procedure 
is the same as in water examination; an estimation of the riable bacteria 
pre^nt is made by plating and counting colonies^ and the test for cpliform 
bacilli IS earned out as with a specimen of water; mudi smaller amoiiiitSi 
however, are tested than in the case of water, depending on the likely eaclO[rt 
of dilution of the effluent. The numbers of ^cterta per ml. in crude sewage 
vary greatly, e.g. from 1 million to 100 million* Sewage may also be ex-^ 
amined by the membrane filter technique (p. 972). 

For isolation of t3q)hoid-paratyphoid bacilli from communal sewage 
either sewer swabs (Moore, 1948) or the membrane filter method (p. 975) is 
used. 


Bacteriological Control of Swimming Baths 

Public swimming pools and indoor swimming baths may become infected 
with pathogenic organisms derived either from contaminated water entering 
the pool or from the bathers. Unless adequate means of purifying the 
water are provided, this contamination may lead to outbreaks of diseases, 
such as gastro-enteritis, infections of the respiratory tract, otitis media, 
infections of the conjunctiva and the skin. 

Most modern swimming pools are operated on a system which provides 
a continuous circulation of the water from the bath at the deep end through 
a purification plant where it undergoes filtration, clarification and chlorina- 
tion before entering the pool ^;ain at the shallow end. The amount of 
chlorine introduced into the water is accurately measured and controlled so 
that the free residual amount present in the bath is maintained between 
0 2 and 0*5 p.p.m. (Repoi^ 1951). 

The results of bacteriological examinations of samples of water taken 
from the inlet and outlet of the bath give an indication of the effectiveness 
of the treatment in maintaining the water free from undesirable contaminants. 
The methods usually employed are those used for testing samples of drinking- 
water, viz. an estimation of the number of viable bacteria by the plate counts 
at 37® C, and 22® C. and the presumptive test for coliform bacilli followed 
by the differential tests for Esch. coU (p. 967). The bacteriological quality 
of the water should approximate to that of high purity drinking-water. 

The following stan wds for water purity were recommended by thc'Water 
Subcommittee of the Public Health Laboratory Serviw (Gray et 1953)s 

*‘No samples examined from a bath should contain any coliform ompan- 
isms in 100 ml. of water; and in 75 per cent, of the sampl^ examined mm 
the bath the plate count at 37® C, worn 1 ml. of water should not tmeed 
10 colonies and in the remainder should not exceed 100 colonies.** 

Amies (1947) maintains that ‘‘before a swimming pool can be pronounced 
as satisfactory, the surface water should be examined bacteriologicailly a$ w^tt 
as the main body of the water*', and describes a me^od fflr doing tids. ijfe 
presents evidence to show that oral or nasad bacteria collect in the surface 
him ^ fatty substances derived from the skin and hair of the bathers, and 
are protected by it from, the action of the chlorine. He considm that this 
surface film may be a contributory factor in the spread of baderial and viral 
diseases by swimming pools. v ' 
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Smimning pools should be provided with overflow gutters into which 
the polluted film can drain. The method by whsdi the surface fi^ may be 
removed for bactertologicdi examination involves the use of calcium alginate 
gauze which is commercially available as sterilised surgical dressings measur- 
ing4 X 7 in. and weighing 1*2 g.^ The gauze is laid on the surfaceof the pool 
so that the layer of water beneath it is absorbed. It has been calculated that 
8*8: g. 6f water is absorbed in this way. The wetted gauze is then placed in a 
jar containing 50 ml. 10 per cent aqueous solution of sodium hexameta- 
phosphate in which it readily dissolves, thus liberating the bacteria. (In 
order to neutralise the effect of any residual chlorine, 0*1 ml. of 10 per cent, 
solution of sodium thiosulphate is added to the jar shortly before the sample 
is taken.) 

The number of bacteria which were present in the surface film can be 
estimated by a viable count on the solution in the jar. The Miles and Misra 
tedinique (p« 870) is suitable for this purpose, blood and MacConkey’s 
agar plates being inoculated with standard drops. If necessary the colonies 
which develop can be readily identified. For further de\ails, reference should 
be made to the original paper. 


THE MEMBRANE FILTER TECHNIQUE FOR iHE BACTERIO- 
LOGICAL EXAMINATION OF WATER AND SEWAGE 

This method is based on the use of a highly porous cellulose membrane, 
the pore structure of which enables fairly large volumes of water or aqueous 
solutions to pass through rapidly under pressure, but prevents the passage 
of any bacteria present in the sample. These are retained on the surface 
of the membrane which is then brought into contact v^th suitable liquid 
nutrients. These diffuse upwards through the pores thereby inducing the 
organisms to grow as surface colonies which can be counted. 

The technique was first described in this country by Windle Taylor et al 
(1953). Since then much investigational work had been done in the labora- 
tories of the Metropolitan Water Board in order to devise modifications 
suitable as standard techniques for the examination of water samples of all 
types, both treated and untreated. (Windle Taylor et 1955 ; Windle Taylor, 
1955-56; 1957-58; 1959-60; 1961-62.) 

Membrane filters may also be used for the isolation of pathogens from 
water and sewage and for the demonstration of tubercle bacilli in cerebro- 
spinal fluid and other fluid specimens including sputa from cases of tuber- 
culous. (Haley & Rosty, 1957.) 

Apparatus 

Various types of filtering apparatus suitable for water and sewage exam- 
ination are now available. A Gcrmm-made funnel has been used extenrively 
by the Metropolitan Water Board. It may be obtained in Britain from 
Hudes Merchwdising Corporation.* It is known as the ‘‘Coli 5” model 
and consists of a funnel of nickel-plated brass of 500 ml. capacity attached 
by means of a bayonet-locking device to the base of the apparatus which 
contains a disk of sintered glass on which the membrane is supported* The 
outlet is provided with a tap and fits into the rubber stopper of a suction jar. 

* Cddum alginate gauze of the required dimensions is obtainable from Medical 
Adgmates Ltd., Wadsworth Hoad, Perivale, Middlesex, England. 

* Hudes Merdiandising Corporation Ltd., 52 Gloucester Place, London, W .L 
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Some of the oAer ty^ of funnel do not have this outlet tap and are theidbee 
not^ ^nve^ent to h^dle. It is also an added advantage to have the inside 
of the runnel provided with graduation marks for easy measurement of the 
water sample* 

The special Coli 5** German-manufactured membranes for use with the 
apparatus d^ribed above are paper-thin, porous disks, 5 cm* in diameter, 
composed of a cellulose derivative which forms the framework for a 
gelatinous lay^ of suitable porosity. They arc quite tough and ela^c even 
when dry, white in colour and opaque with a gb^d surface. They may be 
obtained marked with a grid to simplify the counting dP the eblonies. British- 
made membranes manufactured by Courtaulds Ltd., and marketed by Oxo 
Ltd., have been found in some ways more satisfactory for the culture of the 
bacteria, though they tend to be brittle and more readily damaged than the 
German ones. Membranes that have been used for the coliform count may be 
washed in running water, dried between blotting-paper and steriUsed for 
further use. This may be done up to twelve times, but damaged membranes 
should always be discarded. 

Sterilisation 

The filtering apparatus is assembled without the membrane, wrapped 
in kraft paper and sterilised by autoclaving at 121® C. for IS min. There- 
after, between each test, it is sufficient to apply a jet of live steam, or alter- 
natively a pad of cotton-wool attached to a metal rod, dipped in alcohol and 
ignited. Both the inner and outer surfaces of the funnel as well as its base 
and the sintered glass disk require to be sterilised in this way. The routine 
examination of large numbers of water samples is facilitated by the use of 
several funnels for each piece of apparatus. While one sample is being 
filtered, the spare funnels for subsequent samples can be sterilised and cooled. 

The membranes may be sterilised by either of two methods. 

(1) Gentle boiling in prefiltered distilled water on two occasions each of 
20 min. duration. Vigorous boiling tends to make the membranes buckle. 
This method not only sterilises but washes out residual solvents and air 
present in the pores. 

(2) Autoclaving at 115® C. for 10 min. For this purpose bundles of 10 
membrane filters are interleaved with disks of good quality absorbent paper 
(subsequently to be used for holding the liquid medium). The bundles 
are secured between two pieces of thin card held in position by adhesive 
tape and the whole is wrapped in kraft paper and sterilised. 

Media for adiure on membrane filters 

1. M-^Yeast extract broth {for the enumeration of viable bacteria)* 

In order to obtain results comparable with those of the agar plate coimt for 
all types of water, it is necessary to use nutrient broth of the following 
composition: 

Yeast extract (sec p. 781) . . • * * .^ 8* 

Peptone . * ^8* 

Dtoed water to 1000^. 

pH 7-4 

2. M-MaeCotauyhoth(Jorestmati^ , ^ . 

MacConke^s bile-salt lactose broth is the nwffium of choice m this 

country but it has been necessary to modify the original imposition for 
with membranes^ Tte foUowfog formula is found to give the most sat»- 
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factory results^ but it is recommended that the optimum proportion of bile 
salts (commercial sodium taurocholate or other satisfactory bde salt) should be 
determined for each new batch obtained (Burman, 1955). 

Peptone 10 g. 

Lactose 30 g. 

Bile salts 4~10 g. (according to quality) 

Sodium chloride (NaCL) . . 5 g. 

Bromocresol purple (1 per cent, alco- 
holic solution) . .12 ml. 

Water (distilled) ... to 1000 ml. 

pH 7-4 

Bile salts No. 3 (Oxoid or Bacto) should be used at the lower concentration. 

3. Teepcl 610 phenol red broth {for estimations of cotiform bacilli other than 
Esch, colt). Higher numbers of coliform bacilli can be recovered from 
membranes by using phenol red instead of bromocresol purple (which tends to 
be somewhat inhibitory to certain types of coliform bacU]^) and by using 3 per 
cent Teepol 610 instead of bile salts. 


Peptone (Evans) 

. \ . lOg. 

Lactose ....... 

• \ • 30 g. 

Teepol 610 

. 30 ml. 

Sodium chloride (NaCl) 

5 g. 

Phenol red 0*4 per cent, alkaline solution 

. 50 ml. 

Water (distilled) 

to 1000 ml. 

pH 

k M^resustication broth {vide infra) 

7-4 

Peptone 

. j . 40 g. 

Yeast extract 

. 6g. 

Lactose ...... 

. . 30g. 

Water (distilled) 

to 1000 ml. 

pH 

. 7-2 

Ltd. supply media suitable for use with membrane filters. 


Method of Filtration 

After sterilisation, the filtering apparatus is inserted into the suction ju 
attached to the vacuum pump, the outlet tap being closed. The funnel is 
removed, and with sterile forceps one of the membranes is laid, grid-side up, 
on the top of the sintered glass disk. By turning on the pressure and opening 
the tap carefully, the membrane is sucked down and comes to lie quite fiat 
against the disk. (In order to protect the membrane and hasten filtration, a 
disk of filter paper should be inserted between the supporting glass disk and 
the membrane.) After closing the tap and releasing the pressure, the funnel 
is screwed into ^ce and a suitable amoimt of the water to be examined is 
poured into it The actual amount depends on the likely degree of pollution. 
If there is <toubt about this, two or more different volumes of the sample 
should be filtered* The following amounts are recoxxunended: 

Purified tap water 250-500 mL 

WeU water 10 and 100 ml. 

River water . . * .1 and 10 ml. 

Water which is highly contaminated should be diluted to 1 in 10| 1 
100 and 1 in 1000 and eadi dilution filtered. Quantities smaller than ^ nil 
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should be made up to that anumnt with sterile distilled water before bdbeg 
passed through the filter. 

When the water has been filtered and a small amount of sterile disritted 
water allowed to pass through as a final rinse the funnel is remolded and the 
vacuum released. The membrane is then transferred with sterile flat-l^^ 
forceps to a 2*in. Petri dish containing a sterile absorbent pad (Whatman^s 
No. 17 pads 5,^ or 6^ cm. in -diameter, are suitable), saturated with about 2 ml. 
of the appropriate liquid medium. The membrane should be placed on the 
moist pad in such a way as to exclude any air bubble The Petri dish is 
then inverted with the pad and membrane adhering to the base and incubated 
in a moist atmosphere. 

Incubation. For total colony counts at 37® C. incubation for 18 hr. on 
yeast extract broth gives results that are comparable with the agar plate counts 
at that temperature. For colony counts at 22® C. incubation for 3 days is 
necessary. All the colonies that develop on the membranes are counted and 
the number of bacteria per ml. of undiluted water may then be calculated. 
For membrane coliform counts, the cultures on 3 per cent. Teepol phenol red 
broth are incubated for 4 hr. at 30® C. followed by 14 hr. at 35® C. The 
number of yellow colonies is then counted. These merely represent lactose 
fermenting organisms that may or may not be gas producers. Their identity 
is presumed to be that of coliform bacilli for the purpose of routine water 
examination, but this can be confirmed by the usual tests (see p. 249) if 
required. 

Windle Taylor states that it is possible to obtain directly an accurate 
count of Esch. colt by first incubating the membrane at 37° C. in contact with a 
pad soaked in M-rcsuscitation broth (vide supra). After 2 hr. at that tempera* 
ture the membrane is transferred to a pad soaked in M*MacConkey broth and 
incubated for 16 hr. at 44° C. The preliminary incubation is thought to 
encourage the growth of organisms that may have become attenuated as a 
result of the inhibitory action of inorganic srits present in the water supply. 
(Allen, Pasley & Pierce, 1952). 

For further studies on the Membrane Filter Technique reference should 
be made to the reports of the Metropolitan Water Board quoted above. 


Isolation of Pathogenic Organisms from Water and Sewage 

(a) By Membrane Filter Technique. — ^Relatively large amounts pf the 
fluid to be tested, i.e. 500 ml. or more, depending on the amount of suspended 
matter present, can be passed through the membrane filter fairly rabidly. 
If pathogenic organisms are present, even in small numbers, they will be 
retained on Ae surface of the membrane, and by tr^femng it to a suitaUe 
differential medium there is a reasonable chance of isolating them. 

For isolating typhoid and paratyphoid bacilli Wilson and Bhur^s bispurih 
sulphite medium has been reported as giving satisfactory results by tWs 
method. The membrane may be placed directly on the agar medium in a 
small Petri dish, the proportion of agar having been reduced to 1*5 percent., 
but Kabler and Clark (1952) recommend the use of a^rbent pads im- 
pregnated with double-strength liquid medium (agar omitted). ^ Character- 
istic Convex black colonies with a paler periphery appear within 30 hr. ^ 
37° C. If discrete, each one is surrounded by a halo, showing a metaltic 
sheen. Blackening of the medium underneath the membrane is auggesthiu 
of typhmd colonies. Insuchaoro, itisnecessaiytotiRnsfertheinmwraae 
to a tube or bottle of liquid medium such as tetrathionate broth or aeleiiste 
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tmkkmmt medium (p. 763) mabculturing from this after 18 to 24 hr. in- 
cubation at 37^ C. on desoxycholate citrate agar. 

In order to isolate intestinal pathogens, other than typhoid and para- 
typhoid badlli, Kabler and Claris: recommend a preliminary incubation of 
the membrane for 3 hr. in contact with single*strength tetratibionate broth 
without chalk before transferring it to a differential medium. Incubation 
of the membrane for 3 hr. on this medium tends to inhibit coliform bacilli and 
enhances the growth of salmonellae other than Salnumdla typhi. Character- 
istic colonies may then be recognised and subcultured for the usual con- 
firmatory tests. 

(b) By a Concentration Teclmiquei using a membrane filter 
apparatus with pulverised diatomaceous eiuth. — ^The Metropolitan 
Water Board have reported satisfactory results from the use of a modification 
of the method of Hammerstrdm and Ljutov (1954) and Ljutov (1954) for 
isolating pathogenic intestinal organisms from watei and sewage. The 
technique is so simple and quickly carried out that its use is to be recom- 
mended rather than that mentioned above. Windle Taylor (1955-56). 

A layer of diatomaceous earth (Hyfio Super-Cel) is substituted for the 
membrane at the bottom of the filter funnel, supported 6n a disk of stainless 
steel wire micro-mesh. After setting up the 6tering apparatus with the 
micro-mesh in place, a small amount of sterile distilled water is poured into 
the fiirmel and to this is added a quantity of 1 per cent, sterile Hyfio Supercel 
suspension to give the required thickness. The pressure is turned on and 
the measured sample poured in before all the sterile water has gone through. 
(Up to 100 litres of water can be filtered in thirty minutes, sewage from 3 to 
10 ml. suitably diluted, and effluent 50-500 nil.). After all the fluid has 
been sucked through, the wire-mesh support is lifted off with sterile forceps 
and the paste tipped into 100 ml. selenite F medium in a sqfrew-capped bottle 
(4 in. in depth by 2 in. in diameter). This is incubated at 42® C. After 18 hr. 
subcultures are made on selective media. 

(Hyfio Super-Cel is a diatomaceous silica filter-aid preparation obtainable 
from Ae Johns-ManvUle Company Ltd., 20 Albert Embankment, London, 
S.E.11.) 


BACTERIOLOGICAL EXAMINATION OF MILK 

In hygiene work the bacteriological examination of milk generally 
consists of: 

(H An enumeration of viable bacteria present in a given quanti^. 

?2) A quantitative estimation of contamination by coliform badlli. 

(3) The determination of the presence of specific pathogenic organisms, 
e«g. myco. tuberculom* 

Since 1936 the methylme bbu reducHm test has been used as a stodard 
official method in England for gaining milk purity, ue. as a mibstitute for 
the bacterial count. It depends on the reduction and decdourisation of the 
<tye by tl^ bactoria in the milk, and the rate of reduction affords a measure 
of the degree of bacterial contamination. 

As a |heck on the pasteurisation of milk, the phos^usum UU is now a 
Mm^d im>oedure; it determines the inactivii^n by heat of the ensyme 
phoqfiiaitase, which is normally present in cow’s Activity of this 

ensyme inmlies that the milk has not been adequately heated lor the destruc** 
tion d pad^enk cngsiii^^ 
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beJhLSdto?l?^F ^ for “ftenhsed’’ miik, m . rm 

bwn hMted W 212 fWlW C.) or over for at leatt 5 ram. (acctxdim to tile 
Sc^ i^ti^ 220»-23S‘’ F. fra a period imt excSg m 

^ d^emte on fact that by hrating to the degree nesceaaaiy forAtraUisai^ 

protons aae precipitated, so that if raui^iura«tli^^a 

The test a^ d^^uhes b«ween pmteurised and “steidised” mife, 
<06?“*^ S® (Specif Designation) (Raw Milk) Regulatira^W? and 

Cognation) (Pasteurised a^ Steri&ed M%) 
°A *1“ Mak (Special DesignatioBs} 

(S<»t md) 1951, standard methocb for toiting mific have been ore- 

sOTtod m official memoranda. These should be consulted for full d^iu 
of the methods recommended. 


Bacteriological Standards 

England and Wales 

The follov^g standard has been laid down under the Milk (Special 
Desi^tion) (Raw Milk) Regulations, 1949 and 1950: 

^td}^cuUn Tested milk when tested by the prescribed method must 
not decolourise methylene blue witWn 4*5 hr. when the sample is taken from 
1st May to 31st October, and within 5*5 hr. when the sample is taken from 
1st November to 30th April. 

Under the Milk (Spedal Designation) (Pasteurised and Sterilised Milk) 
Regulations, 1949 and 1950, Pasteurised'' milk must satisfy the phosphatase 
test {vide mfra\ i.e, when tested under the prescribed conations the 
must pve a reading of 2-3 “Lovibond blue units” or less. A sample of 
pasteurised milk taken on the day of delivery to the consumer must also satisfy 
the prescribed methylene-blue test, ue. it must not reduce methylene blue 
withan 30 min. after being kept in the laboratory at atmospheric shade 
temperature not exceeding 65"^ F. till between 9 and 10 a.m. on the day 
following that on which it is taken {vide infra). 

** Sterilised" milk must satisfy the turbidity test described on p. 982. 

Scotland 

The special designations that may be used in Scotland are "Certified"^ 
'"Tubercuim Tested"^ "Pasteurised" and "Sterilised". The following stanwds 
have been laid down under the Milk (Special Designations) (Scotland} 
Order, 1951. (The standards required by the Scottish Milk Regulations are 
in the process of revision.) 

"Citified" wHk must contain not more than 30,000 bacteria pet mil and 
no colifotm bactUus in 0*1 ml. 

"Tuberadm Tested" miUt must contain not more than 200,000 bacteria 
per ml. and no GoHform bacillus in 0*01 ml. 

^'PasUmised" mdk must contain no colifotm badlius in 0*01 ml., and 
ntust satisfy ihe phoq^atase test as defined on p. 981. 

"Sinrim^*' mtt must satisfy the turbidity test referred to on p. 982. 

Sano^ilil^fiwlf niiik is contained in retail bottles^ one unopo:^, 
bottle delivered to the ldM>ratory con^tutes the ssan|de¥ When Ac iiii& 
^ in chums it must be carefully mixed before a sj^ectmeh is tak^. This 
can be done by meam of a sterile {^mget which is moved stm damtk 
^veral times in Ae Hie specimen is then obtaiiied udA « 

dipper and placed in a sterile 4-os. stoppered or screw-capped hem 
Samples taken before the milk leaves the custody of Ae producer alionkl be 
3q 
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muntained at atmo^eiic idtadfe temperatam for . a perio(i^<ol. 9 to 11 hr. 
aflp the tune of in the case of morning nu& before bong examined. 

Mi& produced in.ihe evoiing diould be held at atmosidieric tempwature 
and tested as soon aa practicable on the {ddowing day. Other aanq;dM should 
be tested immediate after arrivd in the laboratory. If there should ^ 
any unavoidable delay in testing, the sanmles dhould be kqpt at a temporature 
ofO®“S®C.; no sam^ shall be kept for longer dian 24 hr. 

Teelmiqtte of Estimating ^ Number ViaUe Bacteria. — ^The 
medium reconunended in die Scottish regubttkuis is yeast extract milk agar 
(see p. 781). 

A aeries of dilutions of the milk sample is made up in sterile stoppered 
bottles with sterile tap water as foUoun: 

1 in 10 . 90 ml. water plus 10 ml. milk 

1 in 100 . 90 ml. „ „ 10 ml. of the 1 in 10 dilution 

1 in 1000 . 90 ml. „ „ 10 ml. of the 1 in 100 dilution 

Before these dilutions are made, the specimen should oe carefully mixed by 
inverting the sample bottle about 25 times. The diludom must also be mixed, 
but witlmut vigorous shaking. The pipettes used should^ straight<sided and 
appropriatdy graduated. For each dilution a separate sterile pipette should 
be used. 

For testing certified milk under the Scottish regulations 1 ml. of the 
1 in 100 dilution is plated, duplicate or preferably triplicate plates being 
made; in examining tuberctdm tested miUr 1 mL of the 1 m 1000 dilution is 
plated as above. The diluted milk is placed with a sterile pipette in a sterile 
Petri dish (4 in. diameter) and 10 mL of melted agar cooled to 50” C. is 
added and mixed with the milk by rotating the plate carefully first to the 
right, then to the left, so tiiat ^e oiganisma are uniformly distributed 
timughout the agar. 

The time between the preparation of the dilutions and the mixing with 
the medium should not exceed 15 min. 

After the medium has solidified, the plates are incubated in the invnted 
porition for 2 days at 37” C. 

The number of colonies is counted in each plate and the mean calculated; 
this multiplied by the dilution is reported as the “number of viable bacteria 
per ml.’’. The count is made as described on p. 968. If the number of 
colonies in a plate is over 300, a cormt may be made of those in a given i>art 
of the plate and the total is then calculated; but it is advisable in examining 
a milk of unknovra quality to plate 1 ml. of each dilution {vide supra) and use 
for the count those showing 30 to 300 colonies. 

Under the most favoiusble conditions a specimen of raw mific may con- 
tain at least 500 bacteria per ml.; but under bad conditions the aumbm may 
reach even several million per ml. The standards given on p. 977 indicate 
the degtee of bacterial contamination allowable in the case of designated milks. 

Teat for Colifona BeciUi.— Varying amounts vi mUk are amled to tubes 
or bottles of bile^aalt lactose medium (p. 781). The range of amounts that 
require to be tested depends on the likely degree of contaminatioD. In the 
case of salk of iisduumn quality the following series is lu^eatedt 

1-0 mL of a 1 in 10 Elution of the milk 

»» f« 1 1® 1®® . »♦ »* 

. „ 1 in 1000 „ 

rui 10 , 000 ;, „ 

t%a decsmal dihitkms are prepered in aeries {vide tipra}. 
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The smailest amount that yields add md gas k ascertained. 

Under the Scottish regulations, for cert^d milk three tubes or betite 
containing 10 ml of the above medium are iooculated (by means of a sM)e 
pipette) each with 1 ml of the 1 in 10 dilution of the sa^le and incub^ed 
at 37® C. for 48 hr. For the other designated milks, three tubes are inoculate 
eadi with 1 ml* of the 1 in 100 dilution. The tubes are exMmned for add 
and gas production; the milk is taken to have passed the test if acid and 
gas are absent from two of the three tubes* 

Mediyleiie Blue Reduction Test^-Standard methylene Uue tablets 
must be used. (The names of manufacturer who supply such tablets are 
furnished by the Ministry of Health.) A standard solution is prepared as 
follows: one tablet is dissolved in 200 ml. cold sterile ^lass-distilled water 
in a sterile flask with a rubber stopper. The solution is then made up to 
800 ml. with distilled water and stored in a cool, dark place. This solution 
gives a final concentration of methylene blue of approximately 1/300,000, 
^d should not be used after two months. 

Test-tubes conforming to the British Standards Specification 152/16 
(6x| in.) with an intermJ diameter of 13*5 mm. (approx.) and a inaik 
indicating 10 ml. are used. They are stoppered with cotton-wool or alum- 
inium caps and sterilised in a hot air oven (160° C.-— 2 hr.). Rubber stoppers 
to fit the tubes are also required. These are sterilised in boiling water 


oeiurc u»c. . ij L 

A thermostatically controlled, covered water-bath, with a rack to hold the 
tubes immersed in the water, is required; the water should be at 37°-38° C. 

1-ml. straight-sided pipettes are used for measuring the methylene blue 
solution (these should conform to a prescribed speafication). They are 
sterilised in the hot air oven. 

The sample is mixed thoroughly, as prior to making the bacterial count 

(vide supra). . , , ^ ^ ^ 

The milk is poured, wth the usual aseptic precautions, into a test-mw 
up to the 10 ml. mark, and 1 ml. of methylene blue solution is 
added. The tube is closed with a sterile rubber stopper which should be 
inserted with sterile forceps. It is then inverted slowly once or twice and 


placed in the water-bath. , v j m 

The following controls should be put up: (1) 10 ml 
1 ml. methylene blue solution, (2) 10 xid. cmed ^ fdus 1 
These coaU tubes are place for 3 m 

natural reducing system of the milk. Comparison with (1) indicates mtm 

is decolourised or decolourised up to wt^.S mm. of 

of oomidete decolourisstion is recorded if withm die presented poaflo 

(standsids given on p. 977). 


of Ae Variottt Bacterirfogic*! Tetit 

^ far riw Enminatiop <rf MIBt 

Whiedtemr teat is .d firH for the routine exaimnatioa rf miat H 
hsndkd m %gieliki% satiafictor;. 
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The advaRtage of the plate ^nt for this puipose is that jit gives a direct 
assessmeat of the aumter of viifole bacteria ia the supply* The results are 
readily uncterstood by the dairymani aad smee it is as suitable for milk of 
low bacterial content p for grossly contaminated supplies, it will indicate 
any changes in ^nditions of production leading to eifoer an improvement 
or deterioration in quality. On the other hand, the plate count test is costly 
in time and material, the results are not avaikble for 48 hr. and owing to 
the fact that a very small amount of milk is tested and that some of the 
bacteria are distributed in small clumps and chains, the error of sampling 
is high. 

The coliform test is usually carried out in conjunction with the plate 
cowt. It indicates mainly the degree of contamination by coliform organisms 
arising from dust or unsterile utensils. Since adequate pasteurisation destroys 
the majority of coliform bacilli, the presence of these in milk that passes the 
phosphatase test is an indication of contamination after pasteurisation. 

The methylene blue test is simple to carry out and requires a minimum 
of equipment. In general, the greater the number of bacteria in the milk, 
Ac greater their metabolic activity and consequently t^ shorter the reduc- 
tion time. \ 

However, milk heavily contaminated with inert bacteria may give a long 
reduction time, while short reduction times may be 'Ae result of non- 
bacterial reducing systems which are sometimes present in freshly produced 
milk, milk obtained late in the lactation period and milk containing leucocytes 
or other cells. 

The time required to reduce the dye is also dependent on the temper- 
ature at which Ae milk is held prior to testing; thus, in Ae winter, milk 
gives a longer reduction time than it would in Ae summer, with the same 
bacterial content. Allowance is made for this in Ae higher standard required 
in Ae winter time by the English regulations. 

It is difficult to compare high-quality milks by means of Ae standard 
meAylene blue test, since Ae reduction time is very long for all of Aem, 
but the test will readily detect milk of poor hygienic quality. With pasteurised 
milk, provided Ae miUt is kept for at least 24 hr. at a temperature not exceed- 
ing 65® F. (18® C.) before being tested, Ae correlation between the reduction 
time at 37® C. and the degree of bacterial contamination is fairly good. The 
test is of no value for freshly pasteurised milk. 

The Resazurm Test. This test which is also a dye reduction test is some- 
times used to determine Ae hygienic quality of a milk supply. One ml. of a 
standard solution of resazurin is added to 10 ml. of Ae weU-mixed sample in a 
sterile test-tube which is then fitted wiA a sterile rubber stopper and placed in 
a water baA at 37®*5 C. Unlike meAylene blue, the dye resazurin passes 
through a series of colour Aanges: blue, lilac, mauve, pink mauve, mauve 
pink, pink before it is finally reduced to the colourless state by bacterial action; 
Ausa readingmay bemadeat any ^dfied time after the test has been set up 
and the milk graded according to Ae amount of reduction that has taken 
place. A set of colour standards are used in a Lovibond comparator against 
which Ae colour of Ae dye and milk mixture may be matched and Ae 
amount oi reduction measured. Alternatively, Ae result may be expressed 
as Ae time required for complete reduction of Ae dye. 

The Ten Minute Resazurin Test is used as a **platform’* test m 
creameries to de^t unsatisfactory milk supplies as arrive. OAer 
mod^Eketimis of tlie test ate used fmr special wrposes, e.g. wt Ten^iwaturc- 
Cem^Wiated Reaazurin Test is used to om^set Ae raset <rf vmzdism ^ 
atmospheric tempoRture on Ac metabolic activi^ of Ae bacteria prior to 
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teaHiig Ae The time of incubation varies, acconfiiw to the mess 

atmosphenc shade te^rature, from 120 min. to 15 min. for a tempetttrii^ 

^ (4M5-5‘’ C.) (For further di^ls see 


nuMphatase Test for Pasteurised Mt& 

This^ test determines inactivation of the enzyme phosphatase, nonmfly 
present m cow’s by such degree and time of heating as to destroy non- 
organisms e.g. 145» F. (62-8® C.) for 30 min. or 161“ F. 

j j* tor 15 sec., as m the recognised methods of pasteurisation. The 
standard method for detecting the presence of the enz 3 rme is based on its 
ability to liberate phenol from disodium phenyl-phosphate, the phenol being 
estimated colorimetrically with Folin and Ciocalteu’s reagent which yields a 
blue coloration, and the result is expressed in arbitrary units; deep blue, 
i.e. over 6 units, indicates a large amount of phenol; pale blue, i,e. under 
2-3 units, a small amount. 

Reagents Required: 

(1) Buffer substrate tablets (disodium phenyl-phosphate and sodium 
barbitone) (British Drug Houses, Ltd.); dissolve one tablet in SO ml. 1v>ii;ng 
distilled water, boil for 1 min. and cool rapidly. This solution must be freshly 
prepared. 

(2) Folin and Ciocalteu’s phenol reagent (BDH). This solution is diluted 
with twice its volume of sodium hexametaphosphate solution 5 per cent. w/v. 

(3) Fourteen per cent, aqueous solution (w/v) of pure anhydrous sodium 
carbonate (Analar, BDH). 

(a) Method . — ^To 10 ml. of the buffer substrate solution in a 25»mL 
stoppered test-tube marked at 10 ml. {e.g. as used for methylene blue reifoo- 
tion tests), add 0*5 mi. of the well-mixed milk and mix foorou^y. Add 
3 drops of chloroform, stopper the tube, and incubate for 24±2 hr. at 
37‘’-38^ C. At the end of t^ time, cool, add 4*5 ml. of the diluted Folin- 
Ciocalteu reagent, mix, allow to stand for 3 min. and filter, using a Whatman 
filter paper No. 40 (or No. 30). To 10 ml. of the filtrate add 2 nd. of rime 
sodium carbonate solution, mix, place the tube in a boiling water-barii (kept 
boiling) for 2 min. C!ompare the colour in a Lovibond cmnparator with t^ 
series of colour standards (on the appropriate “phosphatase” duk), each of 
which represents a given unitage: 6, 2*3, 1*5 and 0*5. 

(b) Conirdt . — ^The test on each milk sample should be made in dupBcate, 

and the frdlowing control must be included along with each set of tests: 
a “blank” in which the reagents only, without milk, are tested as above. 
Milk samples are also kept in the refrigerator for 24 hr. after the tests have 
been |»it up, and if a smnple has givm a reading of over 2*3 units {vide ie^et) 
then rile test is repeated but ntofiarios. 

(c) /nterprvto^,— The “blank” rirauld give a reading (ff not more 

than 0*5 I^bood Uue units, and the control test omitting incubation not 
more rium 1*5 With such contrd results, millte ritat give leadn^ 

of 2*3 Lovibond Uue units or Ims are dasrified as “properfy pasteurised?, 
or giving a nraative phosphatase test”; those giving readings * betwpett^ 
2*4 and 6*0 units urc dsssified as ‘‘improperly pasteurised”; while tiidse 
oailks wirii a reading of more than 6*0 umts shoul d be reported as *‘gros^|r 
onderpiwteariM”. 
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Where poarilAe the, milk^uld be tested mthtn 18 hr. o( pasteurbation. 
The teat » extrrandy sensitive, and great care is neceasaty in die deaning 
of aU daaaware, wfakh should be placed in gl88s«deaning sdution and ^pt 
apart from phenol-oontaming substances, e.g. lysol and coal-tar soaps. The 
rubber stmj^rs most be tested for pbenouc imtmrities before use. Care 
must be taken not to contaminate pipettes with sdiva, and a separate pipette 
must be used for each sample. 

Hie TiuMdity Test rar Sterilised Milk. — ^Add 20 ml. of the well- 
mixed milk to a 50-mL conical flask containing 4 gm. ammo ni um sulphate 
(AR). Shake dioroughly for 3 min. to dissolve all the ammonium sulphate. 
Allow to stand for 5 min. and then filter into a test-tube through a Whatman 
No. 12 folded filter paper (12*5 cm. in diameter). Collect at least 5 ml. of 
clear filtrate and place the tube in a beaker of boiling water for 5 min. Cool 
in cold water and examine the tube for turbidityi holding it in front of an 
electric light aui^bly shaded from the eyes. It is advisable to compare it 
with a tube of milk heated in a boiling water bath pr 20 min. and then 
treated with ammonium sulphate in the same way. 

An absence of turbidity indicates that the milk has &een heated to at least 
212^ F. (100° C.) for a period of at least 5 min., w;hich denatures the soluble 
proteins in the milk so ^at they can no longer be precipitated by ammonium 
sulphate. The test will detect the presence of 0-6 to 0*8 per cent, raw milk, 
but owing to the heat resistance of some sporing organisms it gives no indica- 
tion of the probable keeping quality of the “Sterilised’* milk. 

Examinatioii for Tubercle Bacillus. — ^The sample is thoroughly mixed 
and a quantity of 100 ml. is divided into 50 ml. amounts and centrifuged for 
30 min. at a minimum speed of 3000 r.p.m. The sediment in each tube is 
suspended in 2*5 ml. of sterile saline solution. It is advisable to add some of 
the cream to this inoculum. Two guinea-pigs are injected subcutaneously 
on the inner side of one thigh with the suspended sediment and kept under 
observation to ascertain whether tuberculous lesions result (p. 195). One 
guinea-p^ is killed at the end of four weeks and an autopsy carried out; if it 
shows no tuberculous lesions, the other animal is kept for eight weeks, when 
it is killed and examined. 

Lesions should be examined microscopically for the tubercle bacillus to 
confirm their tuberculous nature. (It has been shown that Br. abortus^ which 
may occur in cow’s milk, produces tubercle-like lesions in guinea-pigs.) 
It is advisable to inoculate at least two animals from one specimen, as in- 
o^ated guinea-pigs may die sometimes from infection with other organisms 
present in the miUt, e.g* sporing anaerobic bacilli, or some intercurrent disease 
— t.g. pneumonia, enteritis, etc. — may also cause death before tuberculous 
lesions have developed and so nullify the test if only one animal is injected. 

A direct microscopic examination of the deposit of centrifuged inllk for 
tubercle bacilii may be made. 

Tli^ absence of tubercle badlliin films, however, does not exdude their 
presence in the wpedmen. On the other hand add^^fast badlli odier than 
^ tubercle bacim may be revealed. The microscopic test, therefore, is not 
a valid method of demonstrating tubercle bacilli. 

The method of ^ect adiimUm described on p. 202 can very suitably 
be applied to untntxed milk taken dtreedv from me cow, but the animal 
inocttWion test is die standard procedure for demonstratii^ tuberde bacilu 
in msft samples genen%. 

Ssasiiiimtim fiar AmedDn infeetkm in infected cows the 

organisms tend to localhie in the udder and to be deleted in the 
wSBl, They may be isolated by plating out thickly several loopfuls of cream 
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taken directly from the top of the milk on to the aurface of plate* of aemm 
doctroee containing various antibiotka to inhibit contanunanta ^aee 
p. 765). Attematively, the milk may be centrifuged for 15 min. at IflW 
The xi^ from below the cream is removed fot the Whey Ag^utination Test 
(vide mfra) and the sediment mixed with some of the cream is {dated ost on 
the selective me^um. One ml. of the cream and sediment mixture may also 
be inoculated intramuscularly into 2 guinea-pigs. After 6 weeks both 
animals are killed. Blood is removed to provi^ serum for agglutination 
tests with Br. edmrtus suspension. This may give evidence of infrcdon 
wi^out the need to isolate the organism. Ihe sjdeen is cut in two aseptic- 
^ and the cut surface rubbed over a plate of serum dextrose agar. In 
infected ammals t^ spleen is often considerably enlarged. Care should be 
exercised in handling the guinea-pip at post-mortem since faulty techmque 
may readily lead to acddental infection. Inoculated plates are incuba^ 
at 37® C. in an atmosphere of 10 per cent. CO^ for at least 5 days. Colonies 
with the characteristics of brucella organisms should be subcultured on 
serum dextrose agar slopes and identified by the appropriate means (see 
p. 281). A slide agglutination test with standard brucella antiserum may be 
carriea out in the first instance to identify the colonies as those of brucella 
organirans. 

Brucella Ring Test . — ^This test depends on the fact that the milk of cows 
atifftring from brucella infection of the mammary gland majr contain 
braced agglutinins. On the addition of a concentrated suspension of Br. 
tAortus at^ed with haematoxylin the bacteria are agglutinated by the anti- 
bodies and rise up vtith the fat globules to form a deep blue ring in the croana 
layer. The test is very sensitive and may be applied to bulk milk of individual 
herds since a positive milk continues to give a blue ring reaction even whM 
highly diluted wiA negative milk from non-infected cows. Care must M 
falr^n in interpreting a positive result, however, since the milk of anin^ 
immunised against brucellosis when adult may give a positive ring rracton 
for 2 years or more. On the other hand vaccination of calves during the 6m 
to 8th month does not inter^ with this test althoi^h conferring a hi^ 
degree of immunity to infection for several 3 rears. 

The technique is as follows: 

fll Mix the milk thoroughly and pour into a 3 x | in. test-tobe sufiBaent 
to nve a column of milk about 1 in. high. (2) Add 1 drop of s^ed 
(r4 infra) and mix thoroughly by shal^g. . Avoid frothing whtoh 
with tlte rkding of the test. (3) Incubate m a 37 C. water-bath for about 
40-50 min., *>. sufficient time for the cream to rise. 

The stained antigen^ is prepwed n follows Mate * 
suspension of Br. abortus by wastog off mm cul^ of 
stram with 0-5 per cent phenol m saline; ^t at 60 C. ^ 
waterwbath: umshthe cells and p|«i by 

diluted I in 5 (Ehrlich's or Ddafield s) for 5 m^, lOj^^, ^ 
reqS IZOOint of dfluted stain; finaUy suspend ^ 

4^ cent MWpension in equal parts of glycerol and phenol-sal^ ^ 

In nti&cont.inin|brucelki^tininin.J^ 

rise with the cream,%ming a blue cr^ 

In sam^ in sriiich there are no agglutimns there is a wmte cream urw 

the teet of the remain* bine. 

inary LalMlmswy, Ns* Wsybnd|a, Surrey. 
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r««iilt8 may be interpreted thus: # 

Poeitrve { -f -f -f ). Cream layer forms a deep blue titig on top of a com- 
irtetely white column of milk. This indicates a high concentration 
of agglutinins. 

Positive (+4*). Cream layer deeply cobured and milk column slightly 
blue. 

Doubtful or weak positive (-f ). The cream layer has a definite blue 
ring but the column of milk is distinctly blue. 

Negative (±). The cream layer is the same colour or slightly more 
coloured than the milk column. 

Negative ( — ). The cream layer is white and the milk column blue. 

Whey Agglutination Test . — ^This is usually applied to the milk of 
individual cows. Since it is not considered to be influenced greatly by 
previous vaccination of the animals it is often used to confirm a positive 
Brucella Ring Test f 

A few drops of cheese-making rennet are added to 10 ml. skim milk. 
The tube is incubated for 30*min. at 37® C. to hasten me coagulation of the 
casein and the liberation of the water-dear whey. Amlutination tests are 
carried out on the whey in the usual manner using^ standard brucella 
suspension. A titre of 1 in 10 or more is considered Agnostic of udder 
inf^on. 

Other Pathogens in Milk. — ^The methods for demonstrating typhoid- 
paratyphoid bacilu and other pathogens correspond to those used for isolating 
those organisms from other infected material. The sediment after centri- 
fugation is plated out on the appropriate media and some of the milk added 
to tubes of selective or enrichment broth. For the methods of identifying 
the organisms isolated by these means reference should be made to the 
relevant chapters dealing with the organisms being lookea for. 


BACTERIOLOGICAL EXAMINATION OF ICE-CREAM 

The general principles and methods applicable to milk can be adopted 
for the bacteriological examination of ice-cream. This subject has been 
reported on by the Public Health Laboratory Service Staff of the Medical 
Research Council (GiUespie et al., 1947, 1948, 1949, 1950). 

In a circular (No. 69/47) issued by (he Ministry of Health with reference 
to the Ice-Cream (Heat Treatment, etc.) Regulations of 1947, attention is 
drawn to a form of the methylene blue reduction test for grading ice-cream 
from rile hygienic standpoint. This is described in the first of the above 
reports. 

The test should be commenced at 5 p.m. on the day on which the sample 
is taken. With a graduated 7 ml. of one<«quarter length Rini^’s 

ladution are added to the reduction tube, as used for milk (p. 979), and 1 ml- 
of standard methylene blue solution; the samffle is then added up to the 
10 ml. mi^ (m* 2 mL and conslituting a 1 in 5 dilurion). Wkh precautions 
to av<^ Ibacterial contammation the tube is closed with a sterile rubber 
stomet and inverted once. The tube is placed Jn a water-ba& at 20'^ C. 
unm 10 a.m. on the following day. It is then placedina water^faarii it 37^ C. 
and inverted once every hall^haur until decojburisation is con^letei se com* 
pared with the ccmtnd, the tixm for decdourisation being recorded. This 
centred consiitB « lube to winch are added $ ml* one«<iuiutier;f^ 
Ringer’s solution, and ice-cream to riie 10 ml. mark, and incubated it 20® C. 
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and 37° C. as in the actual test A methylene bhM oHitrol shmdd idsh (kf 
inchuled as in milk testily ( 9 . 0 .). : / £ 

According to the tune taken at 37° C. for complete decokmcisaliiQaR 
sample is graded provisionally as follows: 

Grade 1. over 4 hours ' 

Grade 2. 2 J to 4 hours 
Grade 3. J to 2 hours. 

Grade 4. Decolourised at time of removal from the 20° C, bath. 

In the Ministry of Health Circular it is suggested diat if ice-cream 
consistently fails to reach grades 1 and 2 , it would be reasonable to cegi^ 
this as investing defects of manufacture or handling udiich call for in- 
vestigdtion. 

The Department of Health for Scotland in a Circular No. 43/1948 
advises the use of the plate count and the test for coliform bacilli in the 
bacteriological exanunation of ice-cream. Although no test is oonadeted 
to be sufficiently valid as a statutory test, it is sug^ted that a bacterial count 
of more rhan 100,000 per g. and the presence of coliform bacilli in 0*01 g. 
would indicate faults in the manufacture and handling of ice-cream. 


BACTERIOLOGICAL EXAMINATION OF SHELL-FISH 

The method used by Bigger (1934) for exanuning mussels is recom- 
mended with a few slight moffifications. It may also be adapted to the exam- 
ination of all types of shellfish including other bivalves such as oysters and 
univalves such as winkles and cockles. 

Bigger’s procedure for preparing the mussel emuMon is as follows: 

fl) Ten mussels of average ^ are selected. 


( 2 ) 

( 3 ) 

( 4 ) 


( 5 ) 


These are washed with runnii^ tap water, usmg a boded nad brush. 
One is grasped with sterile ovum forceps, rinsed under the tap and 
then with sterile water. . ..... 

It is p la«^ on a piece of sterile parchment paper m which it is 
grasps with the left hand. The shell is held witii the flat edge towards 
the body, the anterior (pointed) end to the left and the left valve of 
the shell upwards. 

A portion of the shell at the broad (postenor) end is mbblra 
away with a sterile mbbling forceps, and through the openuu the 
blade of a sterile scalpel is inserted. With this the pMtenor aitoctor 
and the other attachments of the mussel to the 1^ ^ve art 

cut, and, holding them with the paper ^ 

the hands, the two valves of the shdl are separated and the left mms 

S"fffluid in the sheU is poured with ffie help of 

the body is tranrferred to a small beaker provided with a graduation 

(7) TItobSy*rflS?mu 8 sel in the beakw 

sterile pw 6 f edasora. Stenle saline u ^ded up to the 2^ ^ 
and thoroughly with ffie minced body, the sossors being used 

for rids purpose. 

It hsa been^uHd Advisable to include 
make up rise volume to 25 ml with stenle water instead of saline m oeoer 

fo countecBCt the high srit content akeady presm^ 


( 6 ) 
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Vkrykffi imouotB, viz. 0-5, 0-l luid 0*02 ml. of idle mincedjmumelemulsion 
are then added to tubes of bde-salt lactose iheduam {p. 781). The following 
technique is sugfBBted: ° 

Add 25 mL sterile water to the beaker c(mtainm| the 25 mL minced 
mussel emi^c^ thus making a dilution of 1 in 2. With a storUe pipette, 
1 ml. of this dilution is added to 10 ml. of bile*salt lactose medium; 2 ml! 
of the dilution are neat transferred with the same pipette to 8 nd. sterile 
vrater in a test-tube giving a second dilution of 1 m 10. Using a fresh sterile 
pipette, 1 ml. of the 1 in 10 dilution is added to a second tifoe of bile salt 
lactose medium and 0*2 mL of the same dilution to a third tube of the medium. 
For greater accuracy duplicate tuba of bile-salt lactose medium are recom-! 
mended for each dilution. This procedure is repeated with each mussel 
and the cultures are incubated at 37** C. for 24 hr. when they are mraminAt i 
for add and gas production. An additional reading is made affor a further 
24 hr. When two tubes of medium are employed for each dilution, results 
are reported as podtive only when add and gas are piMuced in both tubes. 

It has been found advantageous to use Eijkman’s tW (p. 967) to confirm 
the presence of ^ical or “faecal” coliform badlli. Sul^ltures are matif 
from each “positive” tube into fresh tubes of bile-salt lurtose medium and are 
incubated at 44° C. The devdopment of gas at this temperature within 
24 hr. is considered to be evidence of the presence of Exh. coU. 

Inttr^etatioH of Results . — ^According to Biper’s suggested standard, a 
batch of mussels should be considered undesirably contaminated if more 
than seven out of the ten tested have coliform bacM in 0*5 ml. of minced 
mussd emuldon or more than three in 0*1 ml., or more than one in 0*02 mi. 

Consignments of shelliish should not be condemned on the result of one 
examination alone, but only on a series of results combined with what is 
known of tiie condition of the source of the supply and the methods of 
treatment and handling after harvesting. 


BACTERIOLOGT OF CANNED FOOD 

Deletetious clumges in canned food known as “spdlage” may be brought 
about through the development of microorganisms. Hiese may be present 
in the food either as a result of thdr resistance to the heating process or 
through being introduced after processing through defects^in the structure 
of the can. 

Heat-resistant organimw arul the types of spoilage caused by them vary 
according to the luiture of the food th^ infect. Foods preserved by cannii^ 
can be mvided broadly into two groups: (e) medium, hm and non-add 
foods with pH (drove 4*5, including meat, vegetables, soup, milk tmd 
starch foods; (b) high add foods with pH of less tt^ 4*5. The torder-line 
of pH 4*5 has Dm chosen becauqg spores of the moM heat-resistant of the 
food poisoning organinns, viz. Chsmdbm hotsdmm, will not germinate in 
conditions of addity higher than this. For this reason it is not usual to heat 
the foods in group (6) above 100° C., which is sufficient to destroy all v^e- 
tadre forms. Pressure heatingm the other handia necessary to tender safe 
aU foods with pH above 4*5. lire actual amount of heating employed varies 
with the food to be {Mxroessed and is determined by cardul MiorWkHy ^ 
carried am by specialists in the cannit% industry, tiie main conriiteations 
beiiq; tiiat ^bov^ it ritould be suffidtot to destroy spores of pathog^c 
orgardams in tiro cenfte tiro ContHits it should not be so i^reat as to alter 
the a]^>earanoe and palatability of tiro food in queation. 
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m 


jnte de^ee of host necessary to destroy tbe spores rtf €lg»^ 

frtiniOTi ooiwnmiss may nrt be adequate to sterilise completely Ae iood and 
where ottremely heat-resis^t spores remain, and the temperature'o^ status 

growth of tho organisms can take {dacCf ^|M>Qage 

Organisms that btitm about spoilage of food as a result of their heat> 
r(W8ta^ are a^bic and anaerobic spore formers of the genera BaeUbis and 
Cb utrtd um.^^ Mwy «e AemmpUlic, havii^ an optimum temperabnre fw* 
|TOWU of 55 C. b^ have Ae ability to grow slovdy at temperatures consider- 
ably bdow thM. The type of spoilage gives an indication of Ae organisms 
respmtstb^ The following are the main types of spoilage that tnay occur 
in group (a) foods. = j 


A. Saccharofytic Spoilage 

1. Add without gas, known as “flat sour” spoilage, produced by certain 
spedes of Ae genus Bacillus, e.g. B. megaterium. 

2. Add wiA gas production s^dent to cause “swelling” of Ae can, 

“Hard Swell , due to saccharolytic spedes of the genus Clostridiusn, e.g. 
Cl. nadt^ementans. ® 

3. Slight add production with hyAogen sulphide. No “swelling” occurs 
since Ae gas is soluble, but Ae contents become dark in colour. TTie 
organism usually reqionsible is Clostridium mgrificans. 


B. Putr^acthe Spoilage 

Digestion of Ae food wiA gas production results from Ae growA of 
putrefactive spedes of Ae genus Clostridium, e.g. Clostridium botulinum and 
Clostridium sporogenes. 


Spoilage of add foods of group (5) is brought about by add tolerant 
bacteria and occasionally by yeasts and moulds, whiA survive Ae stort 
periods of beating at temperatures below 100** C. The bacteria responsible 
indude qxiring aercAes and anaerobes as well as non-sporing species, dl 
capable (h developmg in h^h concentrations of add. Gas may or tnay not 
be produced Examples are Bacillus thermoaddurara, Chstrudum pasteuri- 
anum, LacUAadUus fycopersid and Leuconostoc. 


Contamssuikm after Processing 

Microommisnu may enter leaking cans and infect Ae food sftM pro- 
cesung. may indude a variety of sporing and non-sporing batama, 

often derived nr»n the wator used for coolii^ Ae cans. If pathogenic 
isms gun entrance in A** vray, cases of food pdsoning will result. Staphjio^ 
oocd and organiaina of Ae genus Sabtumella have occadbnally bem in- 
^^timinated in food pdsoning ouAreaks due A canned food, prdiiahly 
contaminated in Ais way. 

Techdqmfor e jt upsim g Casmed Food 

To test Ae ateiAty of cuined food, and tAere qtdlage has occOrced or 
Ae food is of cauung food pdsoning, tlm foSowing prooedui^ 

*^^ced on sdi ^Msxuae {W^)t recmmnend^ for Ae fo&tota ofiAe 
organjam* Twt ptwihU 

^ Aows visfole a^ d quilag^ “aweSfog^ it is 
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adirisable to sttmiihte the miiltiplicalion of heat-resistant organisms which 
may be present innnly small numbers, and probably in a ^*dormant” condition, 
by incubating it^ before opening, at 37*’ C for at least one week for mesophilic 
and 55^ C» for thermophilic organisms. Add foods should be incubated 
at 25*^ C. for ten days. 

Before bd^ opened the can is carefully exammed for physical defects, 
particularly round the seams. Any signs of “swelling” are not^, and where 
nistiness or dents have occurred these are scrutinised for pin holes. After 
examination the can is scrubbed with soap and water and rinsed with alcohol 
or ether to remove the grease. The area where an opening is to be made 
is then sterilised by flaming or by treatment with 70 per cent, alcohol If 
heat is applied it ^ould be carefully distributed in such a way as to avoid 
overheating the contents, which may then spurt out when the can is opened. 
If the can is swollen, it is advisable not to sterilise by heating but rather by 
the use of alcohol The point of a sterile opener ia then inserted into the 
sterilised area and an opening is cut sufEdently large to enable a portion of 
the food to be withdrawn in tiie following aseptic maimer: 

Liquid food is withdraw with a sterile pipette or an untapered glass 
tube and inoculated directly into the culture medium.! 15-20 ml. should be 
tested in this way. Solid food is sampled with a modified cork borer, 10 in. 
long and f in. in diameter, having a rod inserted to expbl the contents. The 
sample should include fo^ from the centre of the contents, where heat- 
resistant organisms are likely to occur, and from the surface, where con- 
tamination through leakage may have taken place. The solid food should 
then be thoroughly emulsified in sterile water by grinding with a sterile 
pestle and mortar or by shaking in a screw-capped bottie with pieces of broken 
glass (Baumgartner, 1945). 

i 

Tedtnique for Culture 

Tubes containing 10 ml. amounts of suitable fluid media are inoculated 
with 1 mL of the Uquid food and incubated at 37° C. and 55° C., both 
aerobically and anaerobically. Cooked meat medium is recommended for 
culturing anaerobic badlli, and glucose broth is suitable for aerobic meso- 
philic and thermophilic organisms. In order to culture spoilage oiganisms 
from acid foods, tomato glucose broth is recommended by Tanner. This 
consists of tomato juice and nutrient broth in equal parts with the addition of 
1 per cent, glucose. The tubes are examined after 24 and 48 hr., and 
where growth has occurred the organisms may be identified by microscopic 
exa m ination of stained films and by further culture tests. If the food is 
suspected of causing food poisoning through infection with organisms of the 
Salmonella and Staphjdococcua group^ media selective for these organisms 
should also be inoculated with portions of the food. For salmoneUa^ 
tetratiikniate brotii and selenite jnedium are suitable; for atkphylococci, 
cooked meat OMsdium to whidh 10 per cent sodium chlotide baa bem added 
is recommended. 

Organisms devdioping in theae selective media should be fortiter examined 
by ^ metlmda described in the wpropriate sections dealii^; with them. 

It is adiw»ble to make direct of tifo food for ntictoscopie examina- 
tion ritbotg^ no Hgnificance should be attached to organisms seen unless 
th^a cultures eoi^lrm that thw si« viable^ 

Afosr lemoivmg aanqples mcultuze, tibe food ts tunmd out of the can wd 
examined car^illy for any dbrnmnalitiet in ai^pearance Kud - sineU. The 
mride erf the can tooriaouMbeimpeeted for defo^ in hs raamdSicture. 



EXAMINATION 07 MILK BOTTLES 


BiB' 


I 


Hie Bacteriologkal Examinatioa rf MtMr Boctlct , ^ 


t rZ ^ Vii stcTilfflatjon of iniQi bBttks At 

tique, based bn the lecommenda- 

tions of the ]^ni8^ of Agnculture and Fisheries (1947) is advocated. 

^5 picked at random immedutdy after 

wasUng. They shoidd be capped or fitted with a sterile rubber buitf and 
T»mj£****^^ ^ laboratory so that testing may be b^n withi^f hr. 

To each bottle, irrrapective of its size, 20 ml. of sterile quartef-strenedi 
Ringer rolution are added and the cap or bung replaced. The bottle u tfen 
laid honzontaUy on Ae bench ^d rotated by rolling so that the whole of 
the internal surface is rinsed with the solution* This process is repeated 
at intervab over a period of half an hour, the bottle being kept on its side 
during that time. 


Five ml. of the solution are then plated in duplicate using 20 ml. 
yeast extract milk agar (p. 781), this large amount being necessary to produce 
solidification. One plate is incubated at 37® C. for 48 hr. and the other at 
22® C. for 3 days. (For greater accuracy duplicate plates may be prepared 
for both temperatures.) The results are reported as the colony count per 
bottle, t.e. the individual plate count multiplied by 4. 

Based on the 37® C. count, the following scheme of classification was 
suggested; 


Average Colony Count per bottle Classijkation 
Not more than 200 Satisfactory 

Over 200 to 600 Fairly satisfactory 

Over 600 Unsatisfactory 

In addition, a test for the presence of coliform bacilli should be carried 
out by inoculating each of two bottles containing 10 ml. double-strength 
MacConkey’s broth with 5 ml. rinse solution. These are examined for acid 
and gas production after 48 hr. incubation at 37® C. If adequate method 
are employed in cleansing and sterilising the bottles, no coliform badlli 
should be present 


The Bacteriological Examination of Washed 
Crodeerjr and Cutlery 

The adequacy of washing-up methods employed in the kitchens cl 
caterii^ establishments, schools and other institutions may be tested by 
bacterial examinations of swabs taken from freshly washed crockery and 
cutlery. 

Preparatim of iSwdks.— Absorbent cotton-wool swabs f in. long, m useii 
^cr clinical purposes may be employed. It is more generally convenient to 
have them on wooden applicator sticks 6| in. long than on wires, ao that 
^ter the apedmen im been coUected the swab may be broken off above 
^he cotton-wool and allowed to drop down into a container of qmuter^ 
strength Ringer’s ariution. The swaba arc inserted into test-tubes f id. by 
i in. plugged widi c^on-wool and are sterilised by autodaving at IIS^ 

15 noia, 

Higgins (19S0) obtained a greater recovery of organisms by swabs 
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tmade of calcium alginate wodi inatead of cottcm-wool, dw.advantage being 
chat the alginate swaba may be completely disadlved in Ringer’s solution 
tontaining sodium faexametaphomlnte. ' In tiiis -way all the bacteria con- 
< ined in the swab are liberated into the solution. Not nu>re than 50 mg. 
of wool should be used for each swab to ensure con^lete solution even in 
odd weadier, when larger amounts tend to form crystals. It is important 
that the calcium alginate wool should be declared by the manufacturer to 
be free^ from bactericidal substances such as “Fixanol C”, a quaternary 
anummium compound which was originally inqitegnated into the wool for 
use in the manufacture of certain textiles. 

Method of Steabbiog, — One swab is used for five nmilar articles. It is 
first moistened by dipping in sterile quarter-strer^h Ringer’s solution, the 
surplus liquid being squeezed out agamst the inside of the screw-capped 
container. The swab is then rubbed thoroughly pver the whole of the 
iq>pix^iiate areas, which are as fdlows: 

the iimer surfaces of plates and bowls that come : contact with food; 

the iimer and outer surfaces of cups, mugs anc glasses to a depth of 
3 cm. below the rim *, 

bowls and the backs of spoons and the back and ont sur&ces of forks 
and between the prongs. 

After swabbing five umilar artidea in this viray, the swab is resumed to the 
test-tube and sent to the laboratory without deUy. 

Method of Tesih^ 

(a) If cotton-wool swabs have been used, the swab is broken off the 
wooden stick with sterile forceps and allowed to drop Unto a screw-capped 
bottle of 1 oz. capadty containing 10 mL of sterile quarter-strength Ringer’s 
solution. If delay in transporting the sample to the laboratory is unavoidable, 
this should be done by the person taldng the sample. In the laboratory the 
bottle is shaken vigorously to di8inte|;rate the swab and liberate as many as 
posdble of the bacteria contained in it. 1 ml. quantities of the test solution 
are plated out in duplicate on yeast extract agar (p. 781), one plate of each 
bdng incubated at 37° C. for 48 hr. and the other at 22° C. for 3 days. The 
results are reported as the bacterial counts per utensil for each temperature 
(i.e. count per ml. x 2). (b) If caldum alginate swabs are used, it is recom- 
mended by Higgim and Hobbs (1950) that two swabs should be employed 
for each test, one being moistened in Ring’s solution before use and the 
other used dry. The surfaces of five articM are rubbed over, first with the 
mmstored swab and then with the dry one. Both swabs are then broken 

^ sticks with sterile forceps and allowed to drop into 9 ml. quarter- 
8tr^;th lunger’s solution. 1 nu. of 10 per cent, sodium hexametaphosi^ste 
soli^n fMerilised by autoclaving) is then added and the bottle until 
both swans fatve dissolved. The sduticm is plated out eifiier by die method 
4^8cribed under (a) or by the Miles and Misra teduuque, udng blood agar 
platefe qo uddch the test solution is inoctfiated in the form of drops of O-IK ml. 
volume ddivered from a calibrated Pasteur pipette. 

There is no Maadnd offieidtyreo^^iised in Oieat BritauL Inttattet^o 
is drawn to die United Sti^ Public mahh Standard (Tiediiiaa 
fur vmbdA aodmf. Based on the swabbing teehniqiie idSowed by the 



EXAMINATION OF FOODSTOEFS 

standMd plate wuitt ^ * nMoimum of 100 colomes pec utef««ii: 

exaauned. If tae Miles and Mura method is used, specimeru giving . <51 
colonies or less per o drops of undiluted test su^iiension <m blood idstm 

may be omsidered to conform to the American standard, , 


EXAMINATION OF FOODSTUFFS IN OUTBEEAE8 
OF FOOD POISONING 

Bactexi^ Food Poisooiitg (acute g^tro*enteritis} residts from tSie cmi- 
suniptein of food infected with certain pathogooic organisms tvUdi ate 
capable of proliferatiiig in food if conditions are favourable. They M into 
two categories depending on the manner in which they produce their harmM 
effects, viz; (a) those which infect the body (notably the group), 

and (A) those which produce a toxin during their growth in the food, the 
main ^ cause of this tjye being certam coagulase^positive staphylococcL 
Certain t 3 rpes of ClostndiuM toelchii, characterised by the heat resistance of 
their spores, are also responsible for a type of food poisoning but their mode 
of action has not yet been clarified. 

Specimens of food for Bacteriological R»ntiriiwaftA« 

Meat preparations (ham, brawn, sausages, etc.), and made-up dishes such 
as sandwiches prepared by hand, have been responsible for outbreaks of 
salmonella and staphylococcal food poisoning, and pre-codced meat, stews, 
beefsteak pies, etc., prepared the day before serving, frequently cause out* 
breaks of CL toeUhii food poisoning. Eggs used in the preparation of un- 
cooked or only partially cooked foods, mve cause salmonella infectiohs^, 
and unpasteurised milk and milk products have in the past been responsi^ 
for both staphylococcal and salmonella food poisoning. Any of the atove 
foodstuffs should be viewed with suspicion if they have been eatm by the 
patients shortly before the commencement of s^ptoms, and samfdes should 
be examined bacteriologically for the three main food poisoning organisms. 

For the methods of isolation and identification of the various specific 
bacteria, rdference should be made to the appropriate sections in Part II. 
The following points should be observed. 

Non-qpedste Coatnmiaatioii.— The ‘eacamiiution of food samples 
should commence with a careful inspection to determine if there are my 
abnormalities in appearance or smelL This is followed by a imcrost!^^ 
examination of stained preparatimis which will indicate any ^oes e ontamins -. 
tion. It is also useful to determine the total count of yijtide bacteria 
gram of food at 37° C. and 22° C., by means of thepfote comiI mokad {tm 
p. 967) iqppUed to a simpention of 1 g. of the food in 10 ml. of sterile 
Rin^a solution. This test riuHild be cmnbined with an examination for 
colifoim bai^ as in the examinstion of milk samples (see p. 978). "Dtese 
prdiminaiy tests will indicate whether or not ^ food has been sulqected 
to conttmonatiim of a nim-specific itature ariting from poor standards of 
kitchmi hy^teie. . . 

Salmooltlfai ZafeetioiL— In testing foodstofe for mga^ms of foe 
^dmon^< group, bofo direct culture am eniidtment tedhniqueA shMaai Jii' 
carried out ^ p. 226). In order to kfoUe aalmondlae from fro^ Ikpud 
whole egg foe rood H 3 f!pm)e Lfooratory of tite Cmittal PuUic Heslfo 
Laboratoiy recommend the iidlowuig technique. Two 2S gm. amounts of 
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^ egg (liquid or frozen) are weighed in Merile Jm with^ screw caps, and 
after the action of 25 ml. of qumterHstrength Ringpr’s solution the mixes 
are incubated for 1^2 hr. at 37^ C before the admtion of 50 ml. double 
strei^^ selenite enrichment broth to one lot and 50 ml. douhk^strength 
tetra&ionate broth to the other. These enrichment cidtures are Incubated at 
IT C. and subcultured on to both desoxychcdate citrate agar and Wilson & 
Blair’s agar after 24 hr. and again after 3 days’ incubation. Suspidous 
colonies are ptched for identiikadon. 

This method may be applied to the examination of any liquid foods. 

Staphylococcal lotoxicatioiL — ^There is no reliable laboratory method 
for identifying the mterotoxin of Staphylococcus matcus^ and diagnosis of 
this type of f<^ poisoning can only be made if coagulase*positive staphylo- 
coed are isolated from the food. By the Miles and Misra counting technique 
(see p. 870), using 10 per cent, salt milk agar (p. 748) as a selective medium, 
it is possible to determine the approximate number ctf staphylococci per gm. 
of suspected food. Although it is not known how many staphylococci are 
necessary to cause food poisoning, large numbers growing in direct culture 
from suspected food would be highly suggestive of it being the cause. In 
order to isolate Staphylococcus aureus from foodstuffsl heavily contaminated 
with other organisms, the use of cooked-meat medium ^ntaining 10 per cent, 
salt (see p. 748) may be advantageous. Any coagulase-positive staphylocoed 
isolated by the above methods should be typed by bacteriophage or sero- 
logical meihods. In order to determine the source of the infection, all persons 
engaged in the preparation and handling of the food should be exainined to 
determine whether they are harbouring the same organism in their noses 
or in skin lesions. 

Cl. welchii Food Poiacmiiig. — This form of food poisoning, which has 
been increasingly recognised in recent years, is caused by| a variant of Type A 
CL foekhii characterised by beina non-haemolytic, feebly toxigenic and having 
spores that can survive boiling ror several hours. 

Anaerobic culture on blood agar plates inoculated by the Miles and Misra 
technique will indicate the degree of contamination by anaerobic or facul- 
tative anaerobic organisms. Unle^ they grow in relatively pure culture it 
may not 1^ easy to distinguish the colonies of non-haemolytic CL wekhii 
from these of non-sporing organisms. They may be more readily isolated 
by inoculating small portions of the food into an enrichment medium such 
as cooked-meat medium and incubating for 18 hr, before culturing on blood 
^r, but it should be borne in mind that such indirect culture docs not have 
the same significance as direct culture. Use may be made of the selective 
medium of Willis & Hobbs (p. 757). The identity of any possible CL welchu 
colonies isolated by the above methods should be further confirmed (sec p. 317 
for fiirdier detiuls). 

CL IfotoHmsiii Inlcxdcatioii.— Botulism^ a rare type of food poisomng 
has an incubation period which varies from less than 24 hr. to 72 hr. The 
highly potent exotoxin formed during the proliferation of CL botubmm 
in the mod is d>sorbed riirough the gastric mucosa and affects the nervous 
system rather than the gastro-intestinal tract. This subject is dealt with more 
fiiUy on p. 336. ' * a 

Foods which have been incriminated include improperly processed canned 
and preserved meaty meat and game pntes, and vefetd>les that arc eaten 
uncooked or orfy partially cooked (the min is destroyed by heati^ to 
90® CX TTie spores of C/. hetuUiium may survive bdhng for sev^l hours 
but are destroyed within 15 minutes by a temperature oi 120® C. *rhey fr* 
m germinate if the pH of the food is less than 4*5. 
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B\C1ER10L0GICAL £3iJy^fINATION OF AIR 

Setde plate^— In the past the procedure frequently ad<^>ted fi)!' detot^ 


UVV'M 1.W V* «^vk«vMJ.v MA«i«vssUAAA AV/A ||^AVCAA |iFCUjnMJr0 VU UAAAI^f ^*p,* 

I or 1 hr. A count of the ^lonies after incubation of the plates for 24 hr. at 
37^ C. yields a relative estiinate of the number of organisms present, and if 
blood agar is used, the occurrence in the airirf padiogehic staphylococci and 
streptococci can be determined. This method has ]n!Oved valuable in demon** 
strating the presence of such organisms in the air and dust of hospital wards in 
which arc being spread. Such findings have also thrown light on cross- 
infection in hospitals. 

Slit Sampler. — ^It is r^ognised, however, that this simple method of 
exposing plates has certain limitations as a means of 8 tud 3 nlng the bacteriology 
of air; for example, it is not a satisfactory method of detecting bacteria in very 
small suspended particles such as droplet-nuclei. More elaborate procedures 
have therefore been adopted. A technique introduced by Bourdillon, Lidwell 
and Thomas (1941) involves the use of a special instrument, the *^slit sampler^’, 
by which a known volume of air is directed on to a plate through a riit 0*25 
mm. wide, the plate being mechanically rotated so that the organisms are 
evenly distributed over it. One cubic foot of air per minute is allowed to pass 
through the slit, and samples of 1 to 10 cubic feet, or more, may be tested. 
More advanced models of the slit sampler have a timing arrangement that 
allows the number of colonies on each sector of the plate to be related to the 
number of bacteria-carrying particles sampled in a particular part of the 
sampling period. These instruments can be obtained oommerci^y.^ 

The slit sampler and other air samplers have been used in examining Ihe 
amount of bacterial contamination in the air of hospitals, schools, factoi^ 
and other places, with a view to determining the danger of air-bome infeetkai 
and the factors that increase and decrease numbers of air-bome bacteria 
(Bourdillon et al,, 1948). Observations have been made in surreal operarion 
rooms in relation to the efficacy of different ventilation systems in mmim^mg 
aerial contamination, and in schools, hospitals and other pla^s in tests of the 
eflScacy of ultraviolet irradiation and chemical vapours for air direction. 

ra ti^n iff fw pttntUm Sample# — ^Lidwell (1959) has descri^ an im- 
paction sampler that operates on the cascade principle and collects air-bome in- 
fected partides in four ranges of size on four separate culture plat^. The size 
ranges (diameters) of the partides arc: less than 4 betw^ 4 and 10 /a, 
betS^i 10 and 18 fi, and greater than 18 , 1 . In hospitals wd 
places, the air-bome particles carryi^ pathogenic organ^si^ 
aureus, Strm. pyogenes, Candida «»«««“? 
the range of 10-18 microns in diameter (Noble, L^eU and Kh^stoi^ 
Espedia interest attadies, however, to tte 
paK (&g. e. 5 per cent.) that are under 5 p m ^eter and «* 
remain dilwme for long periods (e.g. for more ^ 30 
to penetrate deeply into & respiratory tract and reach ^ 

Levdb afrinfeclioo.— These are gene^y pressed m termrf ^ 

countaofbacterialcotonieaof all kinds made 0 ^ 1 ^ a ^^ ^ 

24 bout* at 37* C. When pbtes are mcuUted fw a much Icm^p^^ 
rown tenmerature the counts are often very muA 

slow jgrdvWb of aiqiwphylic orgamama that do not grow * ; ; ! , 


* C. F. Cw ffff * C®- Sq«M», Lwaion, W.l. 
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oounte are espreaaed u the aumber of bacteria-carrjfing partidea per cubic 
foot {28'3 litrea) of air when tbe eacaminarion ia nude aviu a'dit atai^er, and 
ta Hm number of bactaja-carrying paitidea aettling oh a 3| in. (88 mm.) 
Petri (fiab per minute, or put hour, udien it ia made wifo aettie platea. 

Since we still lack ImowledK of the relative danmrs of info<^a that are 
meaented by different levda of bacterial contaminanon of air, and unce the 

levels of contamination vary ver3r i^ready from time to time and from place to 

place within oocui»ed premiaes, it is not posdble as yet to define the Imuts of 
the levels of contamination that may be r^arded as acceptable. 

Under conditions of normal occupation, the air in hospital wards, offices, 
schools, and private houses commonljr shows levels of contamination in ffie 
range of 5 to 100 baderia-cany^ partidea per cii. ft., and in the range of 0-05 
to 5 bacteria>carrying particles per 3^ in. (88 mm.) settle plate per min. ; the 
higher levda are found when there ia much bodQy movement or other dis- 
tmbance, such as bed-making, that ia liable to raise dhst into the air. Bour- 
dillon et oL (1948) have suggested, as provisional standards of air h)^ne, that 
the followin|[ may be r^aroed as the limits to the levw of infection that are 
acceptable: in facttnies, offices, homes, etc., 50 per cu. in surgical operating 
theatres providing for most forms of surgery, 10 per cu. rt. ; in surgical theatres 
where operations on the central nervous system or dressi^ of bums are done, 
e. 1 pa cu. ft. Peak levels of contamination limited to short periods of 
exceptional disturbance and movement are disregarded in applying these 
standards. 


The great majoii^ of the bacteria found in the air are harmless sapro- 

E hjrtes or commens^ and even in hospital wards and other rooms occupied 
y patients and carriers, usually not more than 1 per cent., and commonly only 
O-Ol-O'l per cent, of the air-bome bacteria are pathogens. Staph, aureus is 
the pathogen most commonly found in the air. It is preset in most occupied 
premises. Occasioiully up to 10, or more, S’n^.otcrm-Carrying particles are 
round per cu. ft. of air, but mu(ffi more conunonly between 0-01 and 1-0 per 
CU. ft. Sh^^.Mogesses is scnnetimes found in large numbers (e.g. c. 10 per cu. 
ft.) in the air or rooms occupied by patients wim tonsillitis, scarlet fever or 
infected wounds and bums, but usually the level of contamination is between 
0*01 and 1 per cu. ft. in such places. 

Whilst the higher leveb of au: contamination with pathogenic organisms are 
obviously the most dai^erous, it should be noted that mere is no level of 
contaminatkm, however low, that can be r^uded as certainly safe. Little 
is known about the minimum size of dose <a organisms remiired to initiate 
infection on inhalation. It ia quite possible that a man may be infected if he 
inhaleii mly a tingle infected particle in the 500 or so cubic foet of air that he 
requres in the course of a day. In an investigation described by Riley (1957) 
tl^ number tff tubercle bamua-canying particles present in the air in a 
tuberculotis ho^ital ward was calculated, frmn infection rates in guinea^iga 
en>oaed to tiiev^ air, to be on average (mfy about 0*00008 pa cu. ft. Such 
a leviti of contamination was considered to be suffuaent to account for the 
infoction a cmutdertible pn^rtion of miginally tuberculin-negative nurses 
during 6 months td duty in a tuberculotis Iroqnt^ since each nurse w<^ in 
this time inhtie a volume of air sufficient to conti^ one infective partide. 


Shoeip jpfefrs.*— The sweep {date method is used to examine persoi^ 
d(Mhi^ DM-dotfaei, carnets, curtains, soft furniture and other domestic 
febrks for tiie presoioe of pstiiogauc bacteria lifblc to be libarated in dost. 
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‘WW^ 

u“** ^ hffd surface.— 'Thk may be collected on a ootton-WMd 

8V«^ moiatraed with broth and the swab ia pLed out in the uii!w^ 
smteWe ^um. For Iwge areas, a more representative Se^Tli 

obwned by^mej^g ^e dust together and suapeniyB^a portion in broth and 
platmg out dilTerent dilutions of the broth. pwuon m orom ana 
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CHAPTER 56 

the care and management of EXP^tlMENTAL 

ANIMALS 

anunals in Great Britain are protected by the Cruelty to Anirnda 
Act (18^), under which only workers who hold a licence granted by die 
Home Secretly ^are permit!^ to expoinient on them. Advice on dw 
procedure to obtam a Ucence may be got from the Research Defence Society, 
11 Chandos Street, London, W.l. The licence authorises the licensee to 
carry out oqttriments in the stated registered place only. All registered 
places are approved by the Home Office before registration is granted, and 
are thereafter visited from time to time without notice by the Home Office 
Inspector for the area. Depending on the scope of his experiments, the 
licensee may lequp a cer^cate (or certificates) in addition, for in any 
experiment auriiorised by licence idone, the animal must be 
before the experiment begins and must be killed before recovery from the 
anaestheric. Certificate A must be obtained if no anaesthetic is to be used; 
this covers most of the bacteriologist’s usual laboratory work with animals: 
namely, procedures that do not exceed the equivalent of injection or super- 
ficial venesection. It can authorise, for example, inoculation of the animal 
subcutaneously, mtravenously, intraperitone^y, or by scarification. For 
experiments requiring procedures wWch exceed the equivalent of the above 
in sevmty, an anaesthetic must be used. Certificate B must be obtained to 
authorise any experiment whose object would be frustrated unless the animal 
is allowed to recover from the anaesthetic. Further certificates must be 
obtained to authorise experiments in which cats, dogs or the equidae are lued. 
In all cases of doubt about animal experiments, and the law relating to them, 
the worker is strongly advised, in his own interest, to seek the advice of t^ 
Home Office Inspector for his area, whose name and address can be got by 
applicatkm to the Under Secretary of State, Home Office, London, S.W.l. 


GENERAL DIRECnONS FOR THE CARE OF ANIMALS 

The health and wdl-being of laboratory animals depend aln^ entirely 
on the care, htunanity and watchfulness of the staff of the animal 
To keep laboratory animals healthy and contented requires a -high degr& ^ 
techni^ skill, a genuine likmg for animals, and a frill understanding of tl^ 
ways of life. Animals in cages are deprived of their own ways (a fendii^ 
for thems^ves and they are completely dependent on thrir attendants frir 
all their necessities and comforts; it is impossible for them to find their own 
food or water, to move to a cooler or a warmer place, to seek fresh afr or to . 
obtain exercise or companionship. To make good these de fici e nc ies in th^ 
life a numbto: of genoal principles must be observed in the day to day 
nuining of an animal house. 

Flnid 

No animal ahould evcr be deprived of a jtoitiful suRily ol fredi 
•drinking water. It is wrong to assume that wet mashes and mmstenito'totto 
toiotu^ Add although it is true that m the case of gui|M»-pto«ad; 
”bbfta, a i^^lftil w^ pply S ficerfi caW»ge or lettuce may obwate the n)*# 
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for drinking botriea. Animab Imt riiort of water lose coi^itkHi, eat less 
waat^ and are |m>ne to cannibaUse their jnuw. ’ 

Drinking water can be comreniaitly tumlied to the animals from a bottle 
attached to the tmtaide of the cage. Smtable and inexpenrive bottles are 
medical fiats, blood transfiiricm bottles, ginger>beer bott&; wide mouthed 
pathological specimen jars are particulwly recommended u being easily 
cleaned The bottles should hold 250-500 ml. of water, smaller bottles are 
mom liable to leakage through agitation. The water is led in 6-9 mm. giang 
tubing through a rubber bung to an accesrible position inade the cage; the 
outlet of rile tubing riiould be narrowed to about 3 mm. 

Diet 

^ A balanced diet which contains carboh^^drate, fat, protons, vitamins, 
mineral salts, and trace dements in af^ropriate proportions must be given 
regularly. Usually such a diet can be obtained commercially in riie form of 
cubes or pellets and can be placed in hoppers attacted to the sides of the 
cages so that food is available at all times to the ammals. When cage hoppers 
are not available riie pdlets may be placed in di8hes\inride the cages or a 
dry or wet mash may be given in the same manner.! The latter method, 
however, is time consuming and much food stud is wuted by spiling and 
contamination. The condition of many animals is improved by supplement- 
ing pellet diets with small quantities of greenstu^. 

geanlinoas 

Animals will not thrive under dirty conditions and unless they are kept 
dean there is a condderable risk of epidemic disease. Once each week t& 
animals should be transferred to dean cages and the di^ cages should be 
removed to a special room set aside for them where they should be scraped 
free from dl Utter and droppings, scrubbed thoroughly in soap and water and 
sterilised in the autodave or not air oven. The ammals, especially when 
breeding, should not however have their cages chai^^ too frequently 
because they are disturbed by the process and as a result ofbai lose weight. 
With adequatdy absorbent Utter such as peat moss the ci^es remain hygienic 
for a week, l^ere heat sterilisers are not avdlable the o^es can be boiled 
in 8oq>y water or, failing that, immersed ovemis^t in a solution of disinfectant 
such as 3 per cent lysoL Lysol, however, should not be used for rabbit 
cages because its smra distresses the animals. The cages should be perfectly 
diy before beii% used again. Clean cages should then be stacked on a 
trolky to be tranfflerred for storage in a special dean room where dean U^r 
can placed in them and dean sterile hc^pm or dishes of food and drinking 
bottles added to them befme they are tal^ into use agun. A qiedal trolley 
sltould be reserved for the dean elites and another for dirty cages. 

Litter — 

A layer of absorbent material should be qiread to a dqprir of f to 1 inch 
on the bottom of the cages. For tins purpose fine soft wood sawdust vnxm 
diavings, peat moss or suear>cane pth are aU satii^aetoty. Pr^nant animab 
mutt auo be supplied wim nesting material; ditedded paper is recommended 

for mice and dean hay for rabbits and guinea-pigs. 

QmtM 

JBach ^ledes of aramal requites its own type of ciige and the design mutt 
cosimi ifoat there is eawttgb n>am to give free saoveinent and qpioe for resting 
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rtretched out. The cage ahoul4 he 

®**”®*! » eapecWly hBjKjtbat 

for mowwyn. To facilitate cleaning many cages are provided «^t^ai»e 
vnte^tnesh floors through which the excreta fall on to a tray which can easily 
be r^noved for deamng without disturbing the occupant8« Such Gagoa do 
however inflict some di^mfort on the animals and it is usually necessary 
to pla^ some htter paper shavings) within the cage in order topmS 

the ammals developmg sores on the pads of the feet. r 


Lahellisig of Cages 

Every should have arched permanently to it a socket or holder for 
a sm^ card about 21x3* mches, on which b recorded the name of the 
experimenter, the identifying marks of the animab, the date, the natuie of 
the e]ycriment and any other relevant matter. The card must not be re- 
moved before the conclusion of the experiment and must be placed in such 
a position that it cannot be chewed or defaced by the aTiimfll, Breeding 
cages should also be labelled so that each animal can be identified especialW 
if a breeding prograname {e.g. inbreeding) b being carried out. 


Veotilstiotii 

Ideally the animal houae should be air-conditioned; at least ten changes 
of air in each hour are needed. When there is no air conditioning adequate 
ventilation from windows must be ensured but great care must be »alt.w not 
to expose the cages to draughts. Animals kept in bady ventilated rooms 
are more liable to respiratory diseases. 


Tenqwratore and Hviniclity 

Each animal hu its own c^rtimum temperature and animal towns must 
be kq>t dose to this levd if the stodt is to remain healthy and able to breed. 
Sudden fluctuations of temperature must be avoided since they may result 
in the deadi of whole cobnies of animals. If animals such as guinea-pigs 
or rabbits are kept in open runs, suflident litter or hay must be provided tor 
them to make nests in which to keep warm. The humidity of the a n i ^l 
house should range between 45 per cent, for rabbits to 65 per cent, for mice. 

¥¥amHflfig 

If animab are handled frequently and sympatheti^y they soon hecemie 
tame and easily managed; it b only when they are frightened t^t they bite 
and then only in self-defence. Loud nobes such as the dattering of 
cages and the of doors must be avoided in die animal house which 

should be as quiet a place as possible. When it b necessary to handle an 
animal, place the on the bench and allow the creature to know what b 
happemng^ open^me cage door gently^ introduce the hands slowly and 
deliberetSy, and trick iiplte aniimd wim firm unhurried movement^ Give 
the animal a sense of comfitete security by folly support^ its weight and 
eliminating the riA of ditjppin^ Avoid aU sudden grabbing movemwts 
and approach the with a steady confidence. It b seldom necess^ 

to wear leariun* gfoves when handling aninwls except when new stqA is 
introduced into wt colony and their confidence has not yet bc« won. An 
exc^on b made, however, with rats and moAeys, vdiere a bite ts acccun* 
panted by the riak of a severe induction to the handler. 
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Bwediag 

Potter and Lane-Petter (i%2) give detailed instructions for the breeding 
of conunon laboratory ° 

Mbtking Aidmala 

White or lightly coloured animals can be temporarily marked by staining 
the fur with a strong dye. Marking ink of the type contained in commercial 
glass ink-pens is very convenient and the dye persists on the fur for two 
months or more. Alternatively strong carbol fowsin can be used. Rabbits 
can be marked by tattooing the ears either with a special instrument deoign^j 
for the purpoK or with a needle dipped in India ink. For rats and mire 
ear punching is a simple method; a special ear punch can be obtained 
veterinary instrument makers and this cuts holes about J in. in diameter in 
patterns arranged according to an identification code. jPor fowls, numbered 
metal tags are clipped through the loose skin of the wine. 

The Detection of the S^pis of Disease in Animau 

It is easy to miss the early signs of illness in caged mimals and in order 
to make sure that the stock is healthy a routine tour m inspection of the 
ocrapants of every cage should be made at least once a pay but preferably 
twice, early in the morning and again in the evening. Attention must be 
paid to the general condition of the animals, the amounts of food and water 
consumed and the nature of the faeces. The position and movements of 
the animals should be noted and any animal ^t remains quiet and still 
or seems listlera should be removed from its cage and exercised. A quiet 
animal left tmdisturbed may appear to be normal and yet may be found to be 
paralysed or ataxic when made to move. The appearan^ of the for is of 
particular importance; when the aninud is generally in pMr condition or is 
suffering from a chrome illness it lacks its normal lustre and when acutely 
ill t^ for may be staring or ruffled. Acute illnesses are often accompanied 
by iifflammation of the conjunctiva and nasal mucosa which often are also 
the sites of a rnuco-purulmt discharge. Ulceration of the slun, the tail, and 
the pads may indicate ectromelia in mice, and localised lesions of this type 
may indicate parasite infestations. Full details of the commoner diseases 
of laboratory animals are given by Harris (1962), Worden Sc Lane-Petter 
(1957) wd Parish (1950). Sometimes there may be no obvious clinical 
fflgns of illness and the only sign manifest in the animal is fever {e.g. ridketttial 
infections). Thus it may be necessary to record an animal’s temperature 
daily or at more frequent intervals. 

Taking an Animal's Tempentute 

An ordinary clinical thermometer smeared liberally with sterile petroleum 
jdfo may be used though the blunt ended rectal thermometer is to be preferred 
as being less easily btdten. It is iiftroduced into the rectum or vagiiu to a 
depth of about tfoee-quarters of an inch; the dq>th must be the same on 
every occanon and the mercury bulb must always be completely insert^. 
Whenever possible the aninud’s temperature should be taken bdfore feeding 
and it must be remembered that the temperature of a frightened or struggling 
animal may be raised witiiout any pathological cause being present. 

FMveatimi of IHsease 

When new animals are purchased and introduced into the animal house 
they dtould be {daced in a special quarantine room and kept there upder 
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die tte stoA should be Md in quarantine anfoccrops^ must be ^ to 
infvesti^ate the cause of the trouble. 

Anim^ infei^ experimentally mth bacteria or viruses should be held 
m ^parate isolation rooms and full precautions taken to prevent the spread 
of infection to other animals. Bedding and unused foodstuffs from fhe^ 
aniinak should be remov^ and burned. The cages should be removed on 
a specif trollev reserved for the purpose, handled separately, and autoclaved 
before being pkced m contact with dean cages. People who have handled 
inf^t<^ ai^als, ^ges, or any contaminated mateiM should immediately 
wash their hands thoroughly with soap and water, and change to a dean coat 
before proceeding to handle clean animals. 


Some {^tentially pathogenic organisms may be harboured by apparently 
hedthy animals and can readily be transmitted to other Atiimalft whose 
resistmce is lowered by overcrowdii^ in cages, lack of ventilation, tempera- 
ture fluctuation, or by inadequate diets. It is only by constant attention to 
all the rules of animal hygiene that infection can be prevented. 


Insect Pests 

Care must be taken in the animal house to control insect pests. General 
cleanliness, sterilisation, and the proper design of cages and racks so tibat 
small crannies and crevices are eliminated are often suffident, but special 
methods are occasionally needed. Bed bugs, fleas, lice, mites, ticks and 
flies, mosquitoes and cockroaches may all iidest the animal house and can 
be controlled by the use of insecticidal sprays such as 0*5 per cent. DDT 
or 10 per cent. Lethane applied to focal points. To destroy fleas in the fiir 
or feathers of animals an effective dusting powder containing 0*5 per cent, 
of pyrethrin may be used. Insecticides such as dieldrin, aldrin, DDT 
or bexizene hexachloride incorporated in a urea formaldehyde resin can be 
obtained in the form of a quick drying transparent lacquer. They can be 
sprayed or painted on to cages and racks and are very effective. Because the 
spray is inflammable great care is required in its use (Worden & Lane-Petter, 
1957). 


General Anaesthesia 

Ether is one of the most satisfactory drugs for short periods of anaesthesia 
because its action is rapid and the depth of narcosis can be controlled from 
minute to minute* Chloroform has marked toxic properties for many species 
of animals, especially mice, and is best avoided. It is \rise to fast animals 
for twelve hours before anaesthetising them. For small animris a» simple 
method is to place them on (he wire tray of a glass desiccator which contains 
an ether-soaked pad in its lower compartment. Lai^er animals, such^ as 
rabbits may be placed in a box which has a hinged door and a glass inspecticm 
window; an ether-air mixture is pumped slowly into the box riirough s 
rubber tube lea^ng from a wash bottle containing ether with rubber bellow 
attached to its inlet. Whatever method is used for anaesthesia gr^ care 
must be takm that liqmd ether does not touch the animal because mucous 
membranes c an easily be burned in this way« . 

When the aninud has lost consciousness and is lying quiedy with d^* 
eveiii resfuratory movements it should be removed from me contain^ wimout 
delay and placed on the bench. During the next 3-4 nun, sm^b 
oculations or sma ll operations can be carried out, but for more fongmy. 
procedure the anaesthesia must be continued. For this purpose a stutanle 
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fioask caa be made by re^Iacotf tbe base of a oonvemently «zed tin with wire 
gauae and by ain^ing it to fit comfortably over the ammal’s non. A pad 
soaked with ether is placed deep in the tin toudimg the wire gauae and tiie 
depth of anaesthesia is oMitroIled by varying the distance betweoi the mouth 
of the tin and the animal’s nose. 

For loiter periods of anaesthesia barbiturate anaesthetics may be injected 
intnqieiitonealfy or intravenously. The drug of choice is pentobaroitone 
sodium (Nembutal) and is usually used in a dose of 28 tog.jkg. body weight. 
A stock solution containing Nembutal 60 mg./ml. is convenient ana may ^ 
diluted to required strengms with 10 per cent, ethjrl alcohol. Huopentone 
sodium (Pentothal sodium) may also be used but its action is less certain. 
Anaesthesia with these drugs may take 15-30 min. to develop and 1^ 
1-2 hr.; complete recovery may take up to 12 hr. during which time the 
mumal may pass through ^ phase of incoordination during which it may 
injure itseu or tear out stitches if it is left unsupervishd. It is important 
to keep the animal warm during the recovery phm (p^culaiiy mice) and 
the cage may be placed dose to a radiator for t^. \ 

A useful introduction to anaesthetic methods for li^ratory animals is 
given by Croft (1962). \ 

Humane Ways of Killing Animals 
Physical Methods 

Most methods involve breakup the spinal cord in the cervical re^on or 
damaging the brain itself. They are used only for small animals whidi are 
easily htmdled and which have relatively thin skulls. Mice and guinea-pigs 
may be quickly and painlessly killed by bringing the head suddenly against 
a hard object such as the edge of a dnk, but it is emphasised that this method 
requires some manual dexterity and must be learned from an nperienced 
person. Birds can be killed by breaking the cervical cord; the legs are held 
in the left hand and the head in the right and the ntck. is then quidcly extended 
and bent back widi a sharp jerk. 

Chemical Methods 

(a) Volatile Agents . — ^An overdose of some volatile agent such as ether, 
chloroform, nitrogen, or coal gas is commonly employed for euthanasia. 
Ether alone, however, is not reliable; it is too irritant and excitant for large 
ammalB and very young mice and rats may recover many hours after i^pear- 
ing to die ftom its effects. Chloroform is suitable for most animals other 
than the dog in which it causes over-mcdtement. For small animals a pad 
of cotton wool soaked in chloroform is placed in the lower compartment of 
a desiccator and die animal is placed on a wire mesh tray above ^ pad. 
For lai^ animals the diloroform may be i^Iied on an anaesthetie mask 
but care'must be taken that it does not actually touch the face of a consdoiu 
animal because die liquid is irritant. If coal gas is used an easy death is 
achieved but only if it is introduced slowly into the chandler. 

(b) Nm^htile Agents.— ^Wbae the intravmous route of isjecdon is 
pracdcable animals can be quickly and painlesdp lulled the injeodon of a 
smirated soludon of magnedum suljdmte but it most be remendiered ^ 
this substance is ledtal only if injected into a vein. Pentobarb^oe sodium 
(ej, Nmnbatal) mr thkpentone (s.f . Pentothal sodium) can also be used to 
kifl aninials Iwt is ratbw e^ienidve; the dose is three to four tifoes that 
reqiuted for anaestheMa and the drugs xo*y be injected 1^ the intravencnis, 
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l^spotal of Dead Animals 

Tte way to dispoM of animal carcases is to bum them in tbe incm«r> 

atof, but t^om ^ be carried out it is absolutely essential to be sure 
mat me anunal is dem. In order to ensure against the possibility dc^desHa^ 
bm^alxoe atm^ no carcases should he put in the incinerator mlm one ef 
the Moa^cmdstum (1) The lm<fy is cdd, still and rigor toortia has 

set in. m The anu^ has been decapitated. (3) A complete necropsy has 
been performed, rt) The heart has been removed. 

by nianipulation of laboratory animals are given 


Material Inoculated 

Afoorf and serous fluids are easily inoculated with 
a niedium*bore needle. Tenacious material such as pus and sputum hi 
injected through a wide-bore needle. 

Cultures.—Flmd cultures are easily drawn through a medium-bore 
needle. It may be found advantageous first to pour the culture into a 
(2-in.) Petri dish, or a wide-mouthed 1-oz. screw-capped bottle. Growths 
on solid media may be scraped oflf and suspended in broth or saline, or the 
diluting fluid may be poured on the culture which is then emulsified with a 
wire loop. 

Tissues . — Snaall fragmente of soft tissues such as brain, liver, spleen and 
kidney are readily homogenised by crushing them with a suitable diluent in 
a Ten Broeck grinder. If larger volumes of tissue suspensions are needed 
or if firmer tissues such as muscle or lung have to be used, an dectrically 
powered blender of the Waimg tjpe is recommended. Tough and fibrous 
tissues ^ch sa skin or chronicdly inflamed lymph glands should be cut into 
sn^ pieces in a sterile porcelain mortar by means of scissors steribsed by 
boiling. Some dean coarse sand, previoudy washed with add to remove 
carbonates, or fine powdered sintered glass, contained in a stoppered bottle 
and steriU^ by hot air, is then added to the mortar and the whole thoroughly 
ground with the pestle. When the tissue has been well ground up, sdine 
is added and the mixture further triturated. On standing for a short tune, 
the sand and tissue rapidly settle to the bottom of the mortar and the svqper- 
natant fluid can be drawn into the syringe. When intravenous inocifl^n 
of a tissue suspension has to be employed, care must be tak^ that m huge 
particles are injected. To avoid this, the suspension must be centrifugM 
at low speed and only the supernatant fluid used. 


Necropqr 

AU experimental animals, whatever the cause of death, should be eauup? 
tned ppst suoftem as a routine. When a virulent organism such as die bacillus 
of plague or of anthrax has been used, special care must be taken, othervdae 
the infection may be tbsseminated, ^tn danger to the operator and other 
workers. ^ ^ 

Details will be giv^ the procedure in conducdi^ a neetopay m me. 
usual manner, and also the method used when deabng with highly infecdous 
organisms. 
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Ae a ]pxiinaiy reason for the necropsy is to recover organi^ns previously 
injected into the animal, the examination must be condwted with strict 
aseptic precautions* 


Materiak reqmtd: 

A smUAle animal board or table, on which the carcase can be fixed in the 
supine positian. 

Instruments . — ^Three scalpels; scissors, ordinary size, four pairs; mouse- 
toothed fomps, four pairs; small bone forceps, if the skidl is to be opened; 
a searing iron — 4-oz. soldering bolt is suitable for the purpose; sterile 
capillary pipettes; sterile Petri dishes; sterile test-tubes, and tubes, botdes 
or plates of media* 

The knives are sterilised in strong lysol (about 20 per cent.) and then 
placed in a weaker solution (2 per cent.), and the ^etal instruments by 
boiling in a sterilising bath, e.g. an enamelled *^fish-«ettle”. When ready 
for use, the tray of instruments is lifted out of the steriliser and laid on a 
spread towel which has previously been soaked in\l : 1000 solution of 
mercuric chloride. \ 

It is a useful practice, where cultures have to be mUe, first to immerse 
the animal completely in weak lysol solution (3 per cent.)^for a few moments. 
This not only destroys most of the surface organisms, but prevents the dust 
in the fiur from getting into the air and contaminating other materials. The 
animal is now f^ed to the board and towels moistened with antiseptic are 
placed over the head and lower extremities* 

The instruments are removed from the steriliser. A long median incision 
through the skin of the abdomen and chest is now made and the skin widely 
dissected, exposing the abdominal and chest muscles. With another set of 
instruments the peritoneal cavity is opened and the abdominal wall is re- 
flected to each side* With fresh instruments the spleen is removed and 
placed in a sterile Petri dish. Other organs such as the liver and kidneys 
may be similarly removed. The ensiform cartilage is now tightly gripped 
with a pair of strong forceps, and by means of a sterile pair of strong scissors 
a cut is made on either side of the chest through the costal cartilages. The 
sternum is raised and pulled towards the head. The heart is now exposed. 
A sterile capillary pipette, furnished with a teat, is passed through the heart 
wall. Blood can thus be withdrawn and inoculated into various media. If 
the necropsy has been properly performed, it is not necessary to sear the 
surface ot the heart. The lungs are then removed with fresh instruments 
by cutting each organ free at the hilum* Care must be taken not to open 
into the oesophagus if the lungs are to be used for cultivation. 

After the organs to be used for culture have been removed and placed 
in separate Petri dishes, the necropsy can be completed* 

W^e the instruments are agam being boiled the naked-eye appearances 
of the organs should be studied. For culture the spleen gives ^e best results, 
but the other solid viscera may similarly be used. The organ is cut with 
sterile instruments and a small portion is taken up with a stiff wire and 
smeared on the surface of solid media. Liquid media are inoculated with a 
small fragment of the tissue* 

In conducting post-mortem examinations, various animal diseases, such 
as worm infestatimi, cocddiosis, pseudotuberculosis, etc., may be noticed, 
and worker skmld be familiar with their appearances. 

Whm tike animal is ^e^d mth h^hly pmwgefdc organisms the worker 
must wear rubber gloves. Tbt carcase is soaked in antiseptic scdurion as 



RABBITS 

beforo and nai^ to a rwgh piece of board of the appropriate doe. Tbia 
bou^A^ placed m a large enamelled iroo tray. The neotmar ia catefiiQy 
f**^^*”*^^*^* carcaae is finally covered with 10 per cent 

which over the board and into the tray. The whole of 

^ carcase— a« then destroyed in a furnace or indnendor. 

Tte rul^r glovto, instruments and tray are thoroughly sterilised. When 
performing animal necropsies we strongly advise the wearing of a large overall 
made of waterproof material, and in addition, the use of some form of glasses 
or goggles to protect the eyes. * 


RABBITS 

Data 

Rectal temperature . . SS-T-SO-l" C.; 101-6-1024° F. 

(No temperatore below 40° C. or 104° F, is regarded as pathological) 
Normal respiration rate . . 55 per min 

^Iserate .... 135 per min. 

Gestation period . . 28-31 days. 

Weaning agt . . . .6-8 weeks. 

Mating age . . . .6-9 months. 

Lift®™ 4 yearly; average litter, 4. 

Room temperature . . . 15-5-18-5° C.; 60-65° F. 

Humidity .... 40-45 per cent. 

Weight— adult . . . 0-9-6-75 kg. 

Cages 

Individual cages are best made of galvanised iron. The minimum dze 
for a me^um sized rabbit is 2x2x 1| ft., but larger cages may be needed 
for the bigger breeds. Yoimg rabbits up to 3 months of age may be housed 
together but after that time the sexes should be separated. From 8 to 10 
young rabbits may be kept together in a pen similar to that used for guinea- 
pigs. 


Feeding 

The pelleted Diet 18 of Bruce and Faikes (1947) or commerdai breeders 
pellets are suitable for rabbits. Alternatively a daily supply of 2-5 oz. (32 g.) 
of a mixture of one part oats and three parts bran may be fed as a s^gb^y 
moist mash. Either diet may be supidemented with green stu& or toot 
vegetables and bay. A liberal supply of dean drinking water is essenrial 
at all times. 


Huidling 

Smooth the ears of the rdibit back and then piick up the eats the 
loose skin at the back of the neck with cme hand in a ntm gi^, pbee tiie 
other hand under die hind quarters to support the weight and lift gently. A 
rabbit must never ^ lifted by the ears alone. When a rabUt is removed 
from its cage it slwwdd always be placed on a non-slippeiy ratfsce bdeause 
otherwito it feds insecure and becomes ftightened; for this purjiose thNs 
bendi may be coveted with a piece of saddng. Most rabbits lemain <^aiet 
and stM if diey are Handled by people they know; if testrunt is loqpuied 
dutiag anaesdieda or inoculadon, fibey can be wrapped in a roller towel or 
placed in a special box so constrocted ^tthe head only protrudm atone end. 
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Braeding . 

^ Whni Hat is oh heat the vulva becomes moist, red and swoOen. At 
diis time she is taken to the buck for mating; do not introduce ^ buck 
into die doe’s cage as she may attack and injure him. Small-size strdhs of 
rabbits may be mated for the first time at the age of 6 months, bu^ strains 
at about 9 sumths. The gestation period is 28 days and at about ^ 24th 
day the doe is transferred to a clean breeding cage, prefer^iy mth a screened 
breeding compartment where the animal can produce its young in sedudon. 
libe^ bedding and hay must be provided mr nesting. In order to avoid 
the risk of canihalism the doe and her new litter should be disturbed as little 
as possible during the first 10 days. The youi^ are weaned at 6^ wedts, 
sexed, and then separated into male and female pens. 


Common Diseases | 

Caixidiosis is a common disease of rabbits taking vmo forms, hepatic and 
intestinal. The symptoms are a ravenous appetite! with ^hrrhoea, pro- 
messive emaciation, and gradually increasing weakneu of the hind limbs. 
The diagnosis is easily confirmed by the finding of tu oocysts of Emeria 
stediae in wet films of the faeces. In fatal cases yellowildi wlute nodules and 
haonorrhages are seen at necropsy in the liver and intestine. Treatment with 
sulphadimidine included in a mash in a concentration of 1 per cent, is 
effective if given within 10 days of infestation. 

Pseudomberadosis is a chronic infection with PasteureUa pseudotuber- 
csdosis and is characterised by loss of weight, emaciation and eventually by 
death. At necropsy primary caseous nodules are present in the intestine and 
are nrost marked in the caecum; metastatic lesions are seen as well defined 
ydlow areas, like those of miliary tuberculosis, in the liver, spleen, and 
lymph glands. 

Respiratory tract itrfectums . — ^The most common is “Snufiles”, which is 
so-called from the characteristic nasal discharge. The disease is due to 
PasteurdJa septica and is highly infectious; animals suffering from this 
infection shomd be removed from the animal house and destroyed at once. 
Rabbits are also liable to infection with pneumococd and streptococci which 
may cause a rapidly fatal pneumonia with pericarditis. 

Intestinal i^ections . — Mucoid enteritis, a disease of obscure od^ may 
be ret^nsible for epizootics in the anin^ house. Severe diarrhoea and 
marked emaciation are tlm principal qrmptoms and the conditicm may be 
for cocdfUous. The mortally of very youi^ rablnts is 100 per 
cent., that of adults about 30 per cent. Diarrhoea may also be caused by 
organinns of the Sabtumdla group, e.g. S. typhmurissm. 

Rabbit sypluUt. — A relativdy common condition characterised by papules 
or dischargi^ ulcers on denuded areas of the genitalia. It is cained b$ 
l^epmutua emdeuK, a qnrodmete very siimlai to Treponema pdOiism (9[*v.)* 
The conditkm reqmnds well to treatment with penicillin. 

Efor canker is the cmnmonest form of mange in the ^noaestic nd>bit It 
sBCffiitted^twoqtedestff teattoPsto^tes emmum mdChorkptottonimasds. 

ThE condincm can be tatidy deaied up by softmii^ the scabs with ve^ble 

removii^ them and men i^^plying a 20 per emt mnuUba benzyl 
bwsnate (Natmnal Fornsuiary). , . 

llhrssA---Tbe;^|fstiGercus stm of die dog t^pewmm, Taenia » 

the ooramcmeM Qrpe <ff kffestatm and h CDaractetised by numerous cysts 
in the omentum aM liver. 
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Experimental Proeedwes 

The chief um of the rabbit U( 
value for experimental purposes, 
duction of immune sera, such as 
are used in diagnostic work. 

AMitwa.-—Ihete is no agreement on the best inooilation schedule for the 
production of antisera in rabbits. One method employs four to nx 
mtravenous injectons of gradually increasing amounts tte antigen spaced 
at tw to three mtervals. (Many workers complete the course within 
ten ^ to min^M tte nsk of anaphylactic shock.) A rample of blood 
should be taken b^re beginning the course and a second six to aight days 
after finishing it. The antibody titres of both samples are estimated and if 
that of the SMond sample has not risen to a high level further injections may 
be giv^ Although this method gives good results {e.g. in the preparation 
of antosera to salmonellae) many o^r schedules using other routes of in- 
oculai^n in various combinations, different doses of antigen, longer or shorter 
time intervals, may all give equaUy satisfactory results. It is, however, •vnse 
to reduce the number of inoculations to the minimum needed to produce ihe 
required antibody titres because a prolonged series of injections may harm 
the animal and may also result in the appearance of unwanted or non-n>edfic 
antibodies. In general, the worker will be g[uided in the choice of a schedule 
by such factors ta the toxicity and purity of the antigen, whether living or 
dead microorganisms are to be injected, and by the con(htion of the anunsl 
being immunised. 

It is passible to produce high levels of antibodies with a sin^ sub- 
cutaneous inoculation if the antigen is nuxed with Freimd’s complete 
adjuvant. _ Freund’s adjuvant (Difco) can be obtained commercially with or 
without (incomplete) added mycobacteria; it comprises 9 parts of an mi, 
Bayol F, and one volume of an emulsifying agent, Arlacel A, with the addition, 
if required, of 2 mg. per mL of heat-killed Myaibaetervm butyriam. 
Equal volumes of a suine^ suspension of the antigen and Freund’s adjuvant 
are mixed to make a water in ou emulsion. In making the emulsion succesave 
small amounts of the antigen are squirted below the surface of the adjuvant 
with a fyiinge and the mixing is continued by filling and emptying t^ syti^ 
through the needle lutil the emul»on has assumed an 0 ]^ue iqipearaime 
and a syrupy consistency. Considerable care must be taken to obtain the 
correct consistent^ to give a water in oil entukion, which is achieved tvhen a 
drop let fall on the sumce of a beaker of water remains as a discrete drop. 
Oil in water suspensions, which are not so effecdve anfig^mcally, are detected 
when a drop allowed to fall on the surface of water spreads out to form a 
diffuse fij^ 

Anaeetiuda Short-acting. Ether. 

Long-acting. Pentobarbiume sodium 28 n^/kg. 

body-weight intravehously. 

With peatK^Miintone, anaerthesa devdops nq)idly and there are 45-fiO 
minutes of unconsciousness followed by some almqnnaUfy foe ceitfrsl' 
nervous mrstem lasting up to 24 hours. 

lisuir IS removed from tHe fisuk cm tfie stitm s l l>y first 
clipping and .Kaving, or by means of foe dqnladng mixture described 
°&p. 1011, The akin is cleu^ with alcohol, which is aUow^ to evapot^ 
A number of po r alM scratches ate made with a sharp sterile sca lp e! , pist 


s not so much in (Agnostic wieni as in its 
It is, also, extennvmy used for foe pro- 
ag^utinating and neutralising sera, wfaifo 
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suffidently deep to draw blood. The infective material is nibbed into the 
scarified area with the side of the scdpeL This method is mainly used for 
the propagation of vaccinia virus. 

SvbcuUmeaus tmculatim may be made either into the abdominal wall or 
into the loose tissue about the flank or at the back of the nedr. Thi& hair is 
clipped, the skin is sterilised with iodine and then pinched up, and ^e needle 
is inser^d. The technique is the same as that for the guinea-pig. 

Intravenous moadation is employed when material has to be introduced 
directly into the circulation. The marginal vein of the ear is the most 
convenient site. The rabbit may be held by an assistant or placed in a special 
box $0 that only its head protrudes. The hair over the Vein should be dry- 
shaved with a sharp razor. The vein may be distended for ease of inocula- 
tion either by vigorous nibbing with a piece of cotton-wool or by holding 
the ear over an electric-light bmb, when the heat causes a dilatation of the 
blood vessels. According to the amount of material tb be injected, a suitable 
sterile syringe is selected. The operator faces the ammal and the ear is held 
horizontally by means of the left hand. The needle is kept as nearly parallel 
as possible to the vein and the point inserted towards the head of the animal. 
When the injection is completed, the needle is withdrawn and a small piece 
of cotton-wool placed on the vein, which is then compressed between the 
thumb and finger, \ 

Intraperitoneal inoculation is carried out as in the guinea-pig. 
Intracerebral inoculation. — The animal is anaesthetised with ether, the 
hair over the head shaved, and the skin ditinfected with alcohol and tincture 
of iodine, A short incision is made through the scalp at a point situated 
2 mm. lateral to the sagittal suture and 1*5 mm. anterior to the lambdoidal 
suture. The skull is then perforated with a trephine or a mechanical drills 
and the needle, which is cut down to ^ in. long, introduced through the 
opening. About 0*45 ml. of material can be inoculated into the occipital 
lobe of a large rabbit. After injection the needle is rapidly withdrawn, the 
skin sutured and the area covered with collodion solution. 

Rabbits may also be inoculated in the frontal lobe, at a point situated 
2 mm. lateral to the median plane on a line joining the two external canthi 
of the eyes. 

Intra-testiadar. — If the testes are not palpable in the scrotum they are 
made to desfcend from the abdominal cavity by steady pressure on the belly 
while the animal lies on its back. They are then fixed by an assistant who 
places a finger over each abdominal ring. The scrotal skm is cleansed with 
methylated spirit and is stretched tightly over one of the testicles. A hypo- 
dermic needle is now plunged directly into the centre of the organ and 
0*2-0*4 ml, of inoculum can be injectea. 

Opkdwhmc. — ^Material may be dropped into one eye from a Pasteur 
pipette leaving the other untreated as a control. Under anaesthetia the cornea 
of one eye may be scarified before the instillation of infected material. Only 
one eye is inoculated as the procedure should never give any risk of blinding 
the anunal, ^ 

Collection of Blood. — ^From the ear vein of a large rabbit 2&-30 nd. of 
blood may be obtained easily and without causing any distress to the animal, 
ear is shaved and sterilised with sterile gauze soaked in 70 pet cent 

akohoL MeanwMeasmaUvesselcontainingpetroleumjeQy hashed heated 

over tite Bonsmi tdmder it sterile, and when cool, but stm fluid, the petroleum 
jdllyte painted over the vein, and on the maigin and under-side 
ear ta wU forward and the vm is made prominent by mbsm of a small spring 
dip base die ear, and then ind^ with a small diarp sterile scdpd* 
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The blood flows over the petroleum jelly, and is allowed to dr^ ii^ a 
fladc containing glass beads or a suitable anticoagulant accordii^ to reqtiite*- 
xn^ta^ The vcMels of the ear can be dilated by holding an electiic btflb bdow 
it or by rubbing the part not covered by petroleum jefly with a pledget of 
nidistmed witib i^loL When sufficient blood has been obtamed the dip is 
removed and a piece of cotton-wool pressed firmly over the cut in the Vdn. 
The a^loi is removed from the ear with alcohol, and some petxoli^im je% 
then lightly smeared on. Water should ciimays he provided in the cage of the 
animal eftar bleeding. 

Larger amounts of blood can be obtained by cardiac functufe. Tm 
anaesthetised animal is fastened to a board with the body axis quite straight 
and the fiir clipped over the left side of the chest; the area is shaved and then 
sterilised with alcohol and ether. A 100 ml. bulb pipette {vide diagram) is 
cut down at both ends to 9 in. in length, one end being slightly tapered and 
the oflier end stoppered with cotton-wool. It is wrapped in kraft paper and 
sterilised in the hot-air oven. A wide-bore transfusion needle is fitted into 



a short length (U in.) of thick rubber tubing and sterilised by boiling. When 

the is anaesAetised, the rubber tubing is attached to the tapered end 

of the pipette and to the other end is fitted a mouth-pi^ such as that 

in ptpe^ (p. 909). The needle is inserted mto the left siik of ^ ch^ 

and suSn appUed. The needk should lie m the nght 

and blood rapidly flows into the pipette. About 50 ml. of blood per of 

body-weight can be obtained. The 

SOO-ml. flask or botde containing glass beads for defibnnation. 


giunea-pigs 


Data 

Rectal temperatwe 
Normal respiraflon rate . 
Pulse rate . 

Otatatkm period . 
Weaning 
Ma^ngage . 

LAWeni • « * 

Room temqperatnre 
HumldiQr . 
Wdi8^il--<weaning 
adidt . 


37-6-38-9; C.; 99-6-102® F. 
80 per min. 

150 per min. ’ . 

59-72 days; average 63 days. 
14—21 dsys. 

12-20 weeks. 

average litter, 3. 
C.; 65-70“ F. 

45 per cent 
120 g. 

200-1000 g. 


3 yearly; 
18-5-21“ 


3s 
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Stodc lauiw duHild bi»i •bmst 4x6 1^. and 1 ft. 8 in. high. One a^re 
foot of qMHie diould be flowed for eac^ animal and not more ti^-25 aimnals 
ahould be in any one pen. 

For eipenmental animala gahaniaed-dron ci^ am recommmided as they 
can be readily cleaned and ateriliaed. A convenient aiae is 14x9x8 in. 
fitting in a tray 1| in. dcq>. 

Feeding 

A <fiet in pdleted fenn is recommended in preference to maahea. Pellets 
are placed m a hcqiper in the animal cage and provide a continaous source 
of food. Diet 18 of Bruce and Parkes (1947) con tains balanced prcqtortions 
of protein, fot and carimhydrate wUh added vitamins, salt and trace elemcnta . 
Tlw diet is recommended and to it must be added 2|oz. of cabbi^ or l^e 
and 2 oz. ha^ daily for each animal. In winter, caripts, swedes or mangos 
may be substituted for the green food. Fresh water must be provided front 
a bottle attached to the cage; \ 

If, however, a madi is to be used instead of pellet^ the following simple 
formula may be of vahie: 

Crushed oats ' . 2 parts 

Broad bran 1 part 

It may be fed dry or slightly moistened with water. This mash Ucks sufficient 

E rotein to maintain reproduction and the growth of young animals. It must 
e Bupplemmited with cabbage and hay as above and it may be necessary to 
add protein concentrates such as fish or meat meal. 

t 

Hudlfng 

Place one hand across the back of the animal with the thumb behind 
the shoulders and the other fingers well forward on the opposite side; lift 
tibe animal gently and support its weight with the other l^d plated palm 
uppermost under the hind quarters. 

Breeding 

The boar is fertile at the ag^ of 8-10 weeks when it wei^ about 500 g.; 
the sow can be mated for the fiirst time at the age of 12 weeks when it weighs 
about 450 g. One boor is placed in a breeding pen -with 5-10 sows and one 
square foot of qmce allowra for each animal. As the sows approach par- 
turition they ate isolated in individual cages. After weaning at 14-21 days 
the ytn^ ate weig^l^ sexed and tiie sows and boars are plmted in different 
pens. Ine motiier is ^en returned to the breeding pen. 

CkmSm Dimuet 

PiotJatuberailom 277). — ^May be other acute ort moro ctmmonly, 

chronic. In the acute type tiie aniw diet in a few days. In the du:^ 
Qme the fiver, apleen and meaenteric glands show very saauaxm ydlowish- 
wmte areas scattered thrcnq^ tiuan, somewhat suggestive dt tifoerculora. 
Often a whole stock beoomea infected, and experinieittal ammalskiequently 
dkbaforothee^qteiimeQtfoomnpleted. 

JUkmm m to haeoiolytie stnsfMnooca of C, 

aa» not uncom m on. 9tgumo$ miy ai$o prodme BtpticxBm.) , 



tract dtfecti^, — Guin^-pigs m liable to pneumoma 
pleui!t 0 y$ oft^ baetDorrhagic, and septicaemia due to sudi organisms as dbe 
pjieuxnococcus, pneumobacilliis, haex^ytic streptocotcos, g^boup^ 

IfOistinal of the Salnmetta group, e.g. S. 

inmiami are &e cause of the most lethal of all gumea^*{% diseases, 

^nzooties may o<^r in which practically the whole of a colony is desttoyed. 

Pratimom imases . — Coccidiosis is of common occurrence. Tbsso* 
plasmosis is foxmd infrequently. 

Virus diseases^ such as guinea-pig paralysis and pneumonia, may be met 
with. 


Experimental Proc^ures 

For general purposes an adult guinea-pig weighing about 400 g. Is 
satisfactory. 


Anaesthesia 


Short acting. Ether. Excessive post-operative mucous secretions are 
common but can largely be prevented by the use of 0*5 ml. of a 0*5 per cent, 
solution of atropine sulphate (2*5 mg. or 1/25 grain) given at least half an hour 
preoperatively by the subcutaneous route. 

Long acting. Pentobarbitone sodium 28 mg./kg. body-weight intra- 
periton^y. 56 mg./kg. body-weight is the fatal dose. 

With pentobarbitone sodium anaesthesia may take about 15 minutes to 
devdop, fasts 1-2 hours, and complete recovery may take up to 12 hours 
during which time the animal must be kept warm. 

Subcutaneous inoculation. — ^An assistant holds the animal during the 
operation, and the injection is made under the skin of the flank. The animsl 
is grasped across the dioulders in one hand, with the thumb curved round 
the animal’s neck so that it rests on the lower jaw. The hind legs are secured 
between the tot and second, and second and third fingers of the other hand, 
the knuddes being uppermost, and the ammal is bfud so that the flank is 
presented for inoculation. The skin may be disinfected with tincture of 
iodine. The operator picks up a fold of skin and introduces the pomt of 
the needle into the base rf the fold so that it lies in the subcutanwus tissue. 
Amounts up to 5 ml. can be introduced. A 2-ml. or a 5-ml. syringe is con^ 
venient for to puiposc, ^ ^ ^ • j 

Some workers mocufate by picking up a fold of dun about me 
abdomen. The needle is introduced into the base of the fold and praed 
down in ihc subcutaneous tissue until it reaches the groin, where the u^ection 
is made. This metod obviates superficial ulceration when tuberculous 


material is injected. ... t . - s 

Intracutaneosts isocufaticw.— *Thfa method is used chicny m 
cultures of to didbtoria bacillus for virulence. The hair fa remom fern 
the flanks of the ammal by plucking w altemativdv ^ meam of a^fli 
5 per cent, adiition of aodi^ sulphide or a depmw i>owd«.^^TO» 
guinea-pigs f 30 (Mfl 0 grams wd^ht) are used, as to dun is unpigmentea 
and the results of tlie test can ea^ be md. 

Hie iqrflating powder is made as fouows; 


Bprioo* sulphide, oanmenaal powder 
. White household flour < 

TilcHttEB pmnier . 
Cutibse(^p0wAr . . 


7 parts 
7p«i<s.- 
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Snnove hair fr^ the flanto as dosely as poat^le «i^ faiar dimen. 
Mate tte depilating powder into a anooth inste wiA waW, and rub into 
the aninud'a 1^ with a wwxtei ^patola or to^bmali. Ahow die paste to 
art for one minute and renew the applwatimii. After two minutes remove 
foe paste with the spatula or handle of the toothbrudi. Nowwafofoeammaia’ 
skin and muTOuxidii^hurvnfo warm water and dry with a doth, libed^il- 
ated surfoce should be quite smooth and white. It is advisable not to leave 
the paste on too long as foe skin becomes red and excoriated in patches, 
nnkhig foe subsequent observation of reactions very difficult. The depil- 
at^ powder should be used at least one hour before the intracutaneous 
injection is carried out. 

For the test a 1-mL ail-glass tuberculin syringe, fitted with a short needle 
of No. 25 or 26 gauge (exi^y as used for Scluck and Dick tests), is employed. 
The ^in of foe animal is pinched up between the thumb and forefinger, 
and the point of the needle is inserted at the top of tte fold so that tte bevel 
of the needle is towards the surface of the stei. '^e needle passes only 
into the dermis, as near the surface as possible, and tm into the shbcuUmeom 
Hstue; when the injection has been correctly made a\ definite and palpable 
bleb appears in the skin. The usual amount injecteoi is 0*2 ml. and when 
several tests are to be made the injections should be about one inch apart 
and not too near the middle line of the abdomen. No more than ten injec- 
tions should be made on one aninaal. Hie results are read 24-48 hr. later. 

It^aperitoneal uioadation. — ^The animal is held in a similar manner. 
The inoculation is made in the mid-line in the lower half of the abdomen. 
The assistant holds the animal with its head downwards, so that foe intestines 
fall towards the diaphragm. The skin is pinched up, the point of foe needle 
is first passed into foe subcutaneous tissue and then downwards through the 
abdominal wall into foe peritoneal cavity. There is np risk of damage to 
foe intesfoies. Not more than 5 ml. can safely be inociilated intraperiton- 
eally. 

Collection of Blood. — Small amounts, up to 0-5 ml., may be taken by 
simple incision of foe marginal ear vein. Cardiac puncture is, however, the 
only satisfactory way of obtaining larger volumes. The animal is lightly 
anaesthetised with efoer and then laid on its back with its front limbs drawn 
forwards. An area over the fourth and fifth left intercostal spaces is plucked 
and the skin painted with tincture of iodine. The position of the apex beat 
of foe heart is defined by digital palpation and at this point a neeffie (No. 20 
gauge mounted on a syringe) is inserted between the ribs. A sharp dovm- 
ward movement indited towards foe mid-line then takes foe neette point 
through the ventricular walL As much as 15 mL of blood may be obUuned 
fomn a 350-400 g. animal, though smaller amounts are advisfole if the 
guinea-fHg is to survive. Very sharp needles are essential for the success 
of fois operation. 


Itete 

Normal temperature 
Pulse rate . 
Oettrouscyde 
Gestatum period . 
Weami^age 
Mating age . 
lAtters . . 


MICE 


. 37-4*C.;.99-3*F. 

. 120 
. 4-5 dsqm. 

. 1^21 days. 

. 19-21 days. 

. 6-8wedcs. 

. 8-12yeatly ; average littrt»7>fi> 



MICB 


Room temperature 
Humidity . 
Weight— weaning . 
adult . 


]#lt' 


20-21“ C.; 68-70“ F. 
50-60 per cent. 

7g. 

25-28 g. 


Cages 

Hwre are many different designs of mouse cages and no one pattern is 

thestandard. A common form is an aluminium box af^uacimat^ 6 x 12 x 6 

in. deep, with tapering sides to facilitate staling, llie fids are rniule of 
sheet metal or of strong wire mesh and are designed so t^ a food hopper Is 
built into them wd accommodation provided to hold the drinfemg botde. 
The cages are fight, durable and easily steri&ed by dry ormcm heat. 

Similar ci^^es made of polypropylene are now avaUable and are quieter to handle 

and, since^the plastic material is not a g^x>d conductor of heat, are warnm 
for the a nim a l s. Plastic cages are less expensive than metal and appear to 
be equally satisfactory; t^ ^ be sterilised in the autoclave but not in 
the hot air oven. Up to six mice can be housed in cages of this ^pe which 
are suiuble for breeding purposes. Larger cages to hold up to 100 mice 
approximately 30 x 18 x 6 in. can be used for stock rearing or holding purposes 
but overcrowding in such cages carries a great risk of epidemic disease. 

Feeding 

Pelleted diets such as diet 86 of Howie (1952) or diet 41 of Bruce (1950) are 
satisfactory. Fresh water in drinkii^ homes must be provided ad Ub, 

Handling 

An assistant takes a grq> on the middle of the tail of the animal with die 
left hand and grady raises the hind limbs from the floor of the A 
mouse held in mis position cannot turn round and bite. Then with the right 
finger and diumb a fold of skin is taken up as dose as possible to the head. 
The animal can now be lifted into a convenient position for the operator to 
carry out simple inoculation procedures. When an assistant is not avs^ble 
a mouse can be manipulated single handed: place the animal on a rou^ 
surface and hold it by its tail with the right hand, then pick up the lo^ 
skin at dte base of the netk with the left forefii^ier and thumb, fin and turn 
t^ left lumd palm uppermost at the same time catching the tail and pressing 
it agaimt the palm with the left little finger. The right hand is now free to 
pick up a syringe. 

Breeding 

Two ma tlinda may be used (1) Mom^amous nuOu^ when erne mate and 
one female aged 8-12 weeks are placed permanently in a cage togtther. 
Tluee to four weeks later the first fitter is moduced and matii^ occurs i^ain 
in the wnm»idi«tit post-partum period. The 3 [oung mice must be weimed 
just before the next litter is e::qp^d. Thus litters nm be expected vrm 
3-4 weeks. (2) Ptd^gaiHOUs vuttaig when one mate is placed in a cage with 
up to four females. When it te estabfished that a femate is iHe^iaiit she is 
ttanifrvted to a s^rate cage and allowed to nest snd muse her youi^ until 
are weaned at the of three wedts, after vriudi ahe is mailed again. 
Sofo v^Morte Imve advantages and disadvantages; die first ptoeboes dmfote 
the nunfoer of but the youi^ mice produced by the second method are 
>>e8vter and xeadh maturi^ mid suitabiUty hr aqaarimental use in a dmrter 
time. • 
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Commcm Diseam 

Sidsmm^hsis. — ^lates&ul infections termed “Mouse typhdid'* are 
common and are risually caused by the Salmonella group (e.g. S. typ^ 
murmm and S. eatmtsdis). 

S^re epizootics m^ fdlow the introduction of new stock into a colony 
e^Mcially '«n»sn the animals are ovenaowded or 'u^iere snimal hygiene is 
inadequate. It seems inposoble to control an epizootic with chemotherapy 
and the only satisfectory procedure is to destiny existing anim«la, sterilise 
dieir ci^es, and dien to obtain a fresh dean stodc. 

Ectromdia (Mouse pox) is the most troublesome of mouse diseases; it 
takes two forms: (a) the acute form characterised by necrosis of die liver and 
spleen with a rapidly fetal result, (6) a chronk: form with generalised skin 
eruption and diaracterised by ulcm which are covered by cruste of dried 
serous discharges. These lesions may occur anywhm on the body but are 
nu>st obvious on the tail. In the most dironic form there is enlargement 
of one of the foot pa^ due to oedema and scab fommtion followed by gan* 
fpeae either of a digit or the whole foot. The dfeeaae is caused by a pox 
virus related to the vaccinia virus. When this infectmn is established it is 
extremdy difficult to control and may necessitate the dd^truction of the wWe 
colony. If valuable stocks ate threatened by ectromelia it is, however, 
possible to protect them by vaccination on the tail with the calf lymph used 
gainst human smallpox. 

StrejptobaeUbtt momlifomis infecdoo may be epizootic or sporadic. The 
acute form of the disease has no characteristic lesions but the organism can 
readily be recovered from the blood and organs. The chronic form is 
commoner and is characterised by swelling of the ankles and tail with ulcera- 
tion (d the foot The condition may do^y resemble ectromelia 

MtmOaneous Virus Itrfections . — ^Among the many virus infections affect- 
ing mouse colonies are dw pneumonia virus of mice (PVM of Cuman & 
HorsfeU, 1946), Nigg’s paeummiitiB virus (Nigg & Eaton, 1944), and fee 
lymplux^c choriomenii^tis virus (Traub, 19^ ; Haas, 1954). 

Worm . — Occasional imestation with the tape-worm Tama tamsiae-form 
may occur with large cysts formed in the liver. The primary host of this 
hehninth is ifee cat wmdi should be excluded ficom mouse rooms. Cats 
may infect oats, maize and pellets with t^te worm ova in fee mili and these 
feeduffi stufib shmild not be purchased unless they have been sterilised and 
padce^ in paper bags by fee makers. 

Es^ermeatd Procedures 

Auaesdmia 

Short acting. Ether. 

Long acting. Pentobafeitona-sodium stock solution 60 mg./ml. diluted 
1 in 25 Muth 10 per cent, ethyl dcdbol 0-8 ^ per 100 g. 
bo^-weight intraperitoneally. 

hfioe are particulariy sensitive to ctffd while few sue unoonscfous, and 
it is inptMtant feat fee animals be ioqpt warm untif they have vetumed to 

.Satoatamow twecwtot w i^^An aasiatant gra^ 
offee aedkianhehandandtlm taiintheother. Inttus mantierfee aniinu 
it Md in a fixed ponfem tfeile fee needle is kdtodooed under fee akm iw" 
feeiootofftetidl. Amoontsuptolml.maybeit^eeted. 



twodotioa nuty be carried out if tibe amoud ia risntli]^ ■ 
had^od twued over. For e t eadi n eaa, the aaststaat’a anna ahtudd nat 
on the table. TTie injection ia made to one aide of the nudiSe line in ^ 

lower half of the abdon^ and amounta up to 2 mL can be introducech , ' 

intraomoitf pkfculatim may be made into a van at riie root of the tail if 
a fine^i»ee<fe^ ua^ and vein dilated by placing the tail of the animal 
in at about 45“ C. The maximum amount that can be injected ia 
0^5 mL ww a mouse of 20 grama. A small cylindrical c^ie made of perforated 
zinCt OTd just large enough to hold the mouse with its tail protruding, is 
uaeful for this procedure. 

Intracer^M inoculatum.— The skin over the head is widi 70 

per cen^ alcohol and the animal ia lightly anaesthetised with ether for rii^ 
inoculation, A fine~bore needle attached to a l-ml. syringe (as usfid for 
intracutaneoua inoculation) is mptoycd and easily penetrates the akuU, 
The site of injecrion is midway between the outer canthus of the eye and foe 
point of attachment of the pinna of the ear at about 3 mm. from foe mid-line. 
The point of foe needle is carried through the skull for ^ in. to 4in. Upfo 
0'03 mL of fluid can be injected wifo safety. 

Intnatasal tnoeif/drion.— This should if possible be carried out in an 
inoculating chamber designed for the purpose for there is a risk font foe 
operator may himself inhale infective material. Failii^ this, a mask rixnild 
be worn. The mouse is lightly anaesthetised with ether and as soon as its 
breathing has become deep and automatic 0-1 mL of foe inoculum is intro- 
duced into the anterior nares on one ride only. 

Collection of Shod. — Under deep anaesthesia foe animal is {united put 
and the skm over the tho^ and abdomen is rriSected as for necropsy 
infrei). The great vessels in the axilla are inrised and the blood whifo wdls 
out is taken up in a sterile Pasteur pipette. An alternative and less rime- 
consuming method is to displace the glove of foe eye forwards and to puncture 
the retro-orbital plems of veins wifo the rip of a fine Pasteur {»p^ vfoich 
is then used to take up the free-flowii^ blood. About 1-0 mL may be 
obtained and the mouse may be permitted to recover from riw anaesth^ 
and to survive. Small samples of blood can be obtained by clipping riie tall 
as in the rat. 

Inoetdatim of Inftmt Suricli^ mice no older than 48 fo. are 

used for rite isolation of the herpes rimplcx, enteric, and ubor viruses. 
Great care and cleanliness is required in handlii^ the litters if cannibalirin 
by the mothers is to be avmd^ The foUowii^ injecrions am be used: 
0‘03 mL subcutaneously, 0*05 mL intraperitonesUy, 0*03 intracereitealfy. 
Somerimes the inttaperitoiwal and the intracerdtuid routes ate used t^irihm' 
in rite atoimals. 

Sndl (1941) fives foil detrils of foe biol<^ of rite laboratory mouse. 


Date 

Nmmd temperature 
Normal reafunrion rate 
Oefotousc:^ . 
Oestarion period . 
Weimi^gage 
Matiagage . . 


RATS 

. 37*5“ C.; 99-5* F. 

. 210 per min. 

. 4-5 days. 

. 21-23 days, 

. 23^28days. 

. 71M4diq^. / ' ^ 

, average litter, 7. 
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Room ten^enmue 18<5-21” C. ; 65-70° F. 

Humidity . . 45-55 per cent. 

C b ^o S' 

Rats can be boused in cages amoilar to thole used for guinea-mgs. 
For details of stock and breeding cages see the UFAW Han(U>odt (195^. 

Feodiag 

^ The dry pellet diet No. 86 (Howie, 1952) used for mice can be used 
without supplementation. A plentiful supply of drinking water is essendal. 

Hudling 

Docile rats can be handled by an experienced operator in exactly the 
same way as guinea-p^. WUd or vicious rats, howdver, should be handled 
widi the hand coveted by a leather glove because thelsh^ incisor teeth can 
indict a deep wound. Alternatively the animal may be picked up by gripping 
the loose sl^ at the base of-the n^ vrith toi^ or braad bladed forceps. 

Breeding 

As in mice monogamous mating may be practised hr alternatively poly- 
gamous mating used when two mues which have been living together for 
some wedts are placed in a breeding cage with nx females; the animab 
rikould be 10-12 weeks old. Each fe^e, when pregnant, is removed to a 
separate cs^ where she nests and nurses her young until they are weaned 
at the age of 3-4 weeks. After resting for two weeks the female may be mated 
again. 

Common Diseases ' 

Bronchopneumonia and more rarely suppurative otitis may occur due to 
Bord, bronameptica, SireptobacUbts snomaformis, streptococci, dspiktheroids, 
etc. Salmonellosis (often due to S. typhamarism or S. enteritidis) causes a 
severe form of enterititis which may spread rapidly in a colony. Mange is a 
common parasitic infestation and is t^racteri^ by brownish stales on the 
sUn of the ears and tail which are often encrusted with dried blood. 


Anaesthesia 

Short acting. 
Loi^ acting, 
(a) Adult rats. 


(5) Young rats, 
(under 50 g. 
body-weight). 


Ether. 

Ether. 

Pentobarbitone sodium stodt solution (60 mg./inl-) 
diluted 1 in 10 with 10 per cent, edi;^ sicoboL 0'75 
mL per 100 g. body-wei^t intraperitoneally. 
Pentothal sodium stock solution (60 mg./ml.) diluted 
1 in 25. 1-mL per 100 g. body-weight intraperiton- 
eally. 


Es^mmenta! Pyocedttres 

Inoculation by the aubcumneous and intraperitoneal routes k ’ 

manner wmilar to those described for foe guinea-p^. Intraronoas inocula- 
tkm be made into die vehi at the nxm of ^ tail. The lefo slunud 
be dfoded immern^ foe tad in warm wMer. Blood s^k^ ilbSected by 
card^ pumfotre as in the guiima^ptg. Small sanydes of blood' can be 



rats AMD HAMSTEHS 

obtwned on repeated occaaiona, by anipping off witb verv abam 
a mat Wade a veiy amaU portion of the^oftbe •aaao« or 


Data 

Recta! temperature 
Oestroua cyde 
Geatation period . 
Weaning age 
Mating age . 
litters 

Room temperature 
Humidity . 


HAMSTERS 


36-7-38-3'’ C.; 98-101® F. 
4-5 days. 

16-17 days. 

3-4 weem 
7-9 weda. 


3-4 yearly; average litter, 
20-22® C.; 68-72® F. 
40-50 per cent. 


6 . 


Cages 

Galvaniaed-iron cages in sheet metal or mesh are satisfactory, 
veniffint size is 17 x 7 x 9 m. Cages of alummium, zinc or wood 
suitable as hamsters may gnaw through 


A con- 
are not 


Feeding 

CommerdaUy available cubed chets for mice, rats or guinea-pigs are 
satisfactory for the baric diet but better health results when drily wpple- 
ments of fresh green foods are given. Milk added to a bran and oate 
is valuable as an additional supplement for pregnant or lartatmg femgW 
Fresh drinking-water must always be available. 


Breeding 

The mating of a n i m a l s is best carried out under observation for the 
female after coitus may often attack the male and injure him severely. 

Disenses 

Golden hamsters are remaritably free from spontaneous disease. Tlwy 
may, however, acquire salmonella infections and mange in the animal-houBe. 

The golden hamster {Mecocricetus auratus) is susceptible to many bac- 
terial and viral infections. The animals should be lumdled gen^ and 
cwfully, for they can inflict a deep biting wound if they are suadei^ 
^turbed. Intrt^eribmeal and subcutaneous mocuhtion may be carried out 
in the manner usra for rats or gdnea-pigs. The susceptibility of tiiehamrier 
to bacterud and viral infection is often markedly increased by foe injection 
of cortttone acetate in a dose of 2 mg. per kilo body-wetyht prior to inbcula- 
tion. 


Anaesthesia 

Short acting. 
l<ong acting. 


Pentobarbitone sodium stock solution (dO mg./mL) diliited 
1 in 10 with 10 per cent, ethyl aloefooL 1 nri, per lOO g. 
body-wright intrapmittHieafly. 


Es^msnental Pro^mes 

Innodatien and Wooding » carried out in foe manner used for guinea- 

pigs. 



MBIMCAl. MtC|tO»IOLp<3Y 


lOliS 




Date 

Normal temperature 
Gestation period . 

Weaning age 
Maringage . 

Utters 

Room temperature 
Humidity . 

Weight at birth 

Cages 

A common form is a wooden hutch 3 ft. by 1 ft. 6 .. by 1 ft. 6 in. high ; 
it is divided into two compartments by a partition >t^h whidi a circular 
hole 4 in. in diameter is cut The inner com]^ which is for sleej^ 

and breeding, is kept dark. The outer compartmem serves as an exercise 
Tun and is provided with a hinged door with vertical bars. Hie hutch 
wiU i^use three adult ferrets. Individual anin^ experiment may 
be housed in metal cages constructed of sheet zinc fo: tg an 18 in. cube 
with a perforated lid for ventilation. 

Feeding 

Each ferret requites 4 oz. of raw meat (horse flerfi, li^ts, etc., are satis- 
factory) and 4 oz. fterii miSc daily. 

Breeding 

The oestrous condition is earily recognised by the redness, moisture and 
tense sweffing of the vulva. At this time the bitch is brought to the dog for 
mating ; if fertilisadon occurs the vulvar swellii^ subudes in about a week, 
if not the tnating should be repeated. As soon as it is certam that the bitdi 
is pregnant aim Is isolated in a separate hutch. After the birth of die litter 
the animals dioold on no account be disturbed for the fear diat die mother 
will eat her progmiy. After five to six weeks when the young are able to move 
out into ^ exercise compartment it is safe to handle die animals. 

FMcantions agidnM InfeetiM 

T ^»r^iiai» ferrets are hig^y suscepdble to the influenza and canine dis- 
temp« viruses, great care is nee^ to prevent their acddentid infection. 

Those who worit with ferrets most be constantly aware the posoStifity of ^ 

ride of transfming on their persons die distemper virus ftmn infected canine 
pets and oi themselves infecting the ferrets widi in fl uen za during the early 
ttagfv of an illness. The ridt of the worker himsdf bring infected from 
the ferrets muM also be borne in mind. . 

There is a vmy great ride of cross infection in experimoital animab 
mo ffl fVftd w^ dwse two viruses and qiecial measures reqmred to p^ent 
this occurrii^ in^de tibe use of spedri isolatioii cages with solid walls and 

dte use the worimr inhber bootSi vraterprom overafla and rtdiber gloves 

aS rif vihirit are vvai^ down vridi ly^ after use. 

Himdliitg 

It fe adtin'hfe ftw beghuws to wear iealhm gfeves, but ^ 
fidenoe of die artimab hiei been won thqr can be ^rited up ww die »» 


37-8-39*2* C,j 100-1025* F. 
41-42 days. 

6-8 werics. 

6-9 mondis. 

2 yearly; average litter, 7-8. 
15-S-18-5* C.; 60-65* F. 
50-60 per cent , 

10 g. 



SPEHRETB and fowls ' 3^ 

the romp. “™” “* o**»« hand «G^ifmrto 

Common Diseases 

is a^r^pcfS* tScto&Sm of and morfa^ 

in the dog (D. 412). If di8to^“^3^L^=^^ “« *» 

house 41 imected ferrets shouW be destrov^ntS^+k**^^^ ^ tto su«»4 
vigorou4y dismfected, premises should be 

conS^ “r^li^Sd^by “(S’ bSek ^ T 

crusiB on the svrollen feet JSh f? 

^r«S«Ti^n? Fomdary)^ o?? 

Staphylococcal and streptococcal infections and toxoplasmosis also occur. 


Afiaesthesia 

Short act^. 
Long 


Experimental Procedures 


Ether. 


' f aodium stock solution (60 mg./nO.) diluted 

1 m 10 wiA 10 per cent ethyl alcohol 1 W^per kg. 
body-wei^t mtraperitoneally. ^ ^ 

ItOrmuss^ moode^.— Under light ether anaesthesia, as soon as regular 
respiratiOT is established, 1-2 ml. of material can be introduced into the^uS 
from a Pasteur pipette. Other methods of inoculation are thmr dwHl^ d 
for the guinea-pig. 


Data 


FOWLS 


Rectal temperature 
Normal respiration rate . 
Normal puue 


41-6* C.; lOe-O” F. 
12 per min. 

140 per min. 


Ci^ea 

Galyiuuseddton sme cages about 24 in. tall and 20 x 20 in. ate 
for individual Itirds. For further information on the breed^ and care 
of poult^ the reader is referred to Ministry of Agriculture Bmletihs No» 


Feeding , . 

One of the p^et diets (“breeding” or “laying” dids) avaSaUe oofia^ 
*B«via% can be wed; it dsnild be properly balan^ and contain- ViumiBB 
and ttace tfementa. Green foods may be fra two or tiuee times a vredtatKl 
gnt arid foedt water must be provided of fii. 

• Common IXseases 

/efortmaf imfeelieitt doe to salmoneQae vatiow ty^ (e.g^ R. 
ynm) w- not uncommon. S. puilomn is tiw cmw of baiiEhKW*i^^ 
diarrhow td young fmdleta and S. iedSmarm causes tamaedn cf 'IlMi 
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tyi^K^**. Ooeddwsu k another cause of acute enteritk {u young t*ii»V (| 
TtAeraiom (hie to die avian ty{>e of M. tuAeretdms k now idadi^y un> 
common. 

Parasitic is^cetkm due to lice and red mites nuqr be controlled by the 
use of an aerosol q>ray of 2-0 per cent piperonyl hydroxide +0*4 per cent 

{^rrethmmu IVtoappUcinions spaced seven to ten days smart dmtdd be used. 

Avian bueosb of diree different types, lymphoiil kucosk, myeloid 
leucom and erylhrdeucosk, k a very common cause of loss in poultry. 

^ Virus Jiseatas include infectious laryngotrachdids, fowl pest due in Great 
Brimin to the Newcastle virus and also, elsewhere, to the fowl plague virus 
(see p. 406) and fowl pox. 


Ei^^ermental Procedures 

The red blood celk, serum and plasma of the dot stic fowl ate fte(|ueotly 
required in virological work and it k often to keep a number of 

cowerek in the animal house. For certain types ' work hens* blood is 
unsuitable. Turk^, ducks, geese and pigeons are sionally used and 
the day-old domestic chicken is a valuable ea^r' ^ntal animal in some 
types of infectivity studies. The use of the chicken < ^bryo k described on 
p. 1023 et seq. 

Anaestiuka , — It should be noted that ethar anaesthesia is seldom satis- 
factory in birck and that the injection of pentobarbitone sodium in a dose of 
25 mg. per kilo body-weight intramuscukrly in the thigh region gives better 
results. The anaesdietic should be given about half an hour in advance. 

StAcutaneous inoculation k carried out in the pectoral or thigh regions. 

ItOraperiioneal inoculation k carried out in the mid-line between the vent 
and the posterior end of the sternum. 

Insufflation . — Infective material k dropped from a Fasteur pipette into 
the nostriL 

CoUectkm of Blood . — If (dear plasma k required, the bird should be 
deprived of foim for about eight hours before bleedii^. 

(a) From rte Wir^ Vein . — A 10- or 20-ml. syringe with a No. 21 or 22 
gauge needle k recjuired and it k usually necessary to treat it and the tubes 
into which the blood k to be placed wih a solution of h«>arin (35 m|. p^ 
(xmt., see p. 1037). The bird k placed on its side and die upper vnng is 
fann^ out to exp^ its under-surface. Feathers are then plucked from an 
area over the “raraw** and the large brachial vein can be seen running over 
the bone and just beneath die ddn. The area k (deaned with 70per cent, 
alcohol, and when dry die vein k gendy metced with the needle. Great care 
must be mkoi to avoid passing the neecile too deep and on through die kr 
side of the vein for if thu happens a large haematoma results and it becomes 
impossible to obtain any blood. 

(b) Cardiac Puncture: Method (1). — ^The bird k anaesdmtked and 
{dai^ on its sde. The needle k inserted over the heart between the 
second and diira ribs at a pomt (dose to where the edge of the breast musck 
canimfrit At a dqidi of 1| in. the needle enters the ventricle. Hikmediod 
carries a tkk of tui^ pupate and requires erqioience befine it ctti be used 
widi oonhdence. JUiemod (2) k perha^ easier. Place the bird on its back, 
ventral ode uppermost, am attretoh ik neck over the ei^ie of dm table. 
PltKk die base M the nedc and clean the ddn widi akcdidl as befine. A 
2^aaL tyristge vridi a No. 17 or 18 gnwge needle 2 in. kme k inserted hori- 
aoBta% pikde(qilsodweticm»iffl; kshiNild be tilted vmywghtly dbvmwsr^ 
«ul wiB mter the heart at a depth of in. 



monkeys 


Data 

Nonnal temperature 
Normal pulse rate 
Normal resi^tion rate 
Gestation {wriod . 
Boom temperature 


MONKEYS 




38-3*> C.; 101-0“ F. 
100 per min. 

20 per min. 

5J-4S monOis. 

20-22“ C.; 68-72“ F. 


Cages 

A wlvanised iron having a floor space of approxunately 3x4 feet 
and a hcai^t of 4 feet » requued to give the animal sufficient mace for 
exercm. A pair ^n^e and female— can be kept together in sudi a case. 
The floor may be of wire mesh with a tray fitted beneath it to catch^ 
excreta. A wroden board may be fitted halfway up the cage for the monkey 
to perch and sleep on. The door fitted to the cage should be of the 
type and it should contain at its base a small hinged door through whim 
food trays can be put into the cage. Both the doors should be fitted with 
padlocks. A convement addition to this cage is the fitting of a movable 
screen or false back to the c^e which can be adjusted in position so that 
the monkey can be brought very close to the bars of the cage to receive a 
sedative injection before handling. 


Feeding 

A banc diet of boiled potatoes and slice of bread covered with Bemax 
(vitamin B) is fed once a day and vegetables such as carrots, lettuce, turnips 
or parsnips are added ad Ub. Altemativdy a pellet diet may be used (Short 
& Parkes, 1949). A lump of sugar soaked in a solution of vitamins A, C and 
D is given daily. Monkeys love oranges, bananas, gra{:^ and tomatoes, and 
these may be fed sevmral times a week. Fresh water is placed in a helper 
high up on the ude of the cage so that it escapes fouling. 

Monkeys can be caught directly with the gloved hands, and are held with 
thtir anns clasped firmly behind their backs just above the elbows. Qften, 
however, it is necessary to catch them with a net. The use of barbiturate 
drugs concealed in foodstuffii or g^ven by injection to the animal pressed 
against the side of tiie cage has much to recommend it. 


Common Diseases 

. The commonest diseases tiiat monkeys contract in ca^vity am 
culosis, bacillaiy dysentery and pneumonia. Newty arrived a mniM thmud 
be kept imart for several wedo and observed cardnilly for sigm of disease} 
titcy ahovTO be tifoerculin tested mid tiidr foeces slmald be exan an ed for the 
presmoe of pnthogeoic bacteria. Tuberculous monkejn constitute * 
aiderable li^ to their attendants and if the ffiaease is susp^ on 
gtous^ or hemm liic tiibwwlm ruction is po^ve ite 
be checked 1w X<«ya 

Ptintesdy deHar. Badllaiy dysentery may be tream 

ating sulphagusmdtDe in the diet or by injectii^ gtreptomy^ 

wW^ U&nesst common of the diseases, can be treated wifosul^^ 
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Atuutikem 

Short acting, ^her or chknofinm. 

Long actii^. Pentobarbitone sodium stodt solution (60 mg.) 25 mg, 
pet hg. body-weight intraperitoneally. 

For further inibrmstion on the use of monkm see the CFAW Hand- 
book. 
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CHAPTER 57 


THE CULTIVATION OF VIRU^ 

VIR08I8 multiply only within living cells and therefore cannot he grown w 
inanimate artmntfd culture media. Setting aside bactenophages,, wludi grow 
inside bacterial cdls (p. 64), the viruses with which we are cont^med may W 
propagated in three ways. They wiUpwintheboikof aHvinganimaI,in 
the membranes and tissues of the chick embryo and in ihe ceOs of tissue 
cultures. Each of these host systems has its own ^)ecial value, but ioo sjnglg 
one can be used succes^iilly for all viruses. Since they are both more co&> 
venient arid less er^enuve, chick embryo and tissue cultures have in lecml; 
years largely replaced the methods of animal inoculation. Animak 
however, provide Ae only susc^tible hosts for a number of viruses; for 
example, the detection of tiie rabies virus in routine diagnostic work dqiends 
on the results of mouse inoculation experiments, and most Coxsackie group A 
viruses can be demonstrated only by the lesions they produce in sucklir^ mice. 
The methods recommended for the infection of animals or their tissues witii 
particular wuses are given under their appropriate headings. The techniques 
for the various routes of inoculation and instructions on the care of experi' 
mental animals are described in Chapter 56. 
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AmesAnui 

Short actiog. Ether or chlMoforai 

Long acting. Pentobarbitone sodium stodc solution (60 mg.) 25 mg. 
per kg. body>vr^[ht mtraperitmieaUy. 

For fiirtb^ information on the use of monkeys see &e UFAW Hand- 
book. 
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IHE CULTIVATION OP yini Tj af ^ 


vm^ wultipl:^ only within Uving ceUs and therefore carmot 
mammate artificial culture media. 

a, which grow 


U..V -- *u viruaes. since they are both more c<m- 

venient and leas ^pensive, chide mbryo and tissue <4ure8 have in 
years largely rqda^ the method of animal inoculation. Axumals 
howevM, pro^e 4e oriy susMptible hosts for a number of viruses; for 
example, the ddection of the rabies virus in routine diagnostic work depimds 
on tiie resulto of mouse inoculation experiments, and most Coxsackie group A 
viruses can be demonstrated only by the lesions they produce in «»rlrlmg 
The metiiods recommraded for the infection of animaU or their witii 
particular ^ses are given under their appropriate headings. The t^rKnin n^a 
for the various routes of inoculation and instractions on the care of experi- 
mental animals are described in Chapter 56. 


CULTIVATION OF VIRUSES IN THE EMERTONAT^ EGG 

Fertile hen e^ are used, preferably with light-coloured shdls, e.g. from 
white Leghorn birds. The shells should be perfectiy dean. Incubation of 
the eggs must begin not later tiian ten days, and if possible w ithin jSve days 
after being laid, and in the interval they should have bemi kept at a temperature 
betweoi 4-5° and 20° C. Incubation is carried out in a commerdal incubator 
at 39° C. and the are turned twice daily. Before inoculation, e.g. afto 
seven to twdve days’ incubation, the e^ are examined by trans-illuminaticHi 
(“candled”); frir this purpose a lOO-watt lanqi ^odosed in a box with an oval 
openii^ is used, and the candling is best done in a dark room. Tbe embryo 
which IS seen as a dark shadow mint be alive, as demonstrated by its spon- 
taneous movements and by tiie well-defined shadows of tiie blood vessm in 
the chorio-allmiacds. Tlie air sac can be seen at the rounded pole of tibe egg 
and can be oudined, for hter guidance, by pencil marking on the shdL For 
various methods of inoculation, the shdl is cut tiirough witii a rotatfog disk 
operated by a dentid drill A vidcanite carborundum efisk can be teoo^ 
mended. Spedai cue rmid be taken to avoid damage to tiie undeth^fig 
mernbruies and oensequeot bleeding. Mounted diasei&ig needleih frno^ 
^8S(Ms, ^friiq^ea ukd ca|nBaiy pipettes are reqoiied lor the m a n^ p uhtw i B n 
‘i^vidvedininooidilfogliieegg. Inoculatimi must be carried o^hy an auplac 
^ft^utiqueandw^aieiiBsed^tru^ In curymgou* various 

tions it is- Inwwd e ofjyvittistw t to lay tiie on a tiiangular wooden stMiid 
(4x4x2 in.) wbidi aiqqiorts it at three pdnts, vrith the area to be opemd 
yppetmost After hiocttlation ^ eggs are incubated in a bactethHog^ 
utcubatw at }5*-36° C. They mustbe kept sutionary, resting on qpeciu 

<w ttiqfe, ^ • 1. j 

fooeriteMi ef tite MmbrMe,—Tbie eggs are UKUbate^ 

usually for twdee dqn. la- candfing, a drde about 12 mm. in m a weter » 
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penotted over the area of denaeat ppachf, ue. where the diori^aUaotoia is best 
developed and opposite the area in width die chorio^afiantois fails to line the 
inside of the e|g* The cheular area should not overlie aw large Idood vessel. 
The shell is drilled with the rotating didk doiq; the sides of the circle so marked 
out, and is also drilled over the centre of the air Sac so as to make a small 
perforation through the shell membrane into the sac. The drilled disk of shell 
is then carefully removed by inserting a dissecting nee<fie at one angle and 
gently raising the cut piece of shell without damaging the shell membrane, a 
drop of normal saline is now deposited on the exposed shell membrane, and 
the membrane under the drop is split along the line of the fibres by means of a 
dissecting needle. Suction with a rubber teat is next applied to the opening in 
the air sac, and as a result the chorio-allantois recedes from the shdl mem- 
brane, the saline being aspirated into the underlying space between chorio- 
allantois and shell membrane. The opening in me shell membrane is then 


Chorio-sllantoic membrane 


Amnfotio cavity 


Shell membrane 


Allantoic cavity / 


Yolk tK 


Air sac 


Extra-embryonic cavity , 
fpotentsal space only) ' 


Fio. 82 


Diagram of embryonated hen^a egg after eleven daya^ incubation, to iUostrato the 
various sites of inoculation with viruses (ltH,A>S,). 


enlaiged and with a capillary pipette held vcrtcally the inoculum (in m 
amount of 0*05 ml.) is droppra into the space, on to the chorio-allantoic 
membrane. The opening is %ally set^d with commerc^ transparent 
adhesive tiqpe(*^Scot^ tape’’) 1 in. wide. The inoculated is incubated for 
as long as necessary at the optimum temi^rature for the jparticular vims being 

cultivated. Aftcrtiiistiiec^isplacedonacotton^woof pad (moistened with 

antiseptic solution) in an open Petri di^; the seal is removed and the edge of 
the opening flamed witii a Bunsen burner. The shdl is broken ofi down to Ac 
levd of tiie displaced diorio-sUantois, whi^ is then s^arat^ by cuttii^ with 
sdssors and cattily removed, ^read out in buffered i^ne in a Petri didi and 
exanuned for poc^ against a black background. 

A bmkric imtula^.^Vot this puipose tm ate incuba^ for 
deven days. The outHne of tiie sir sac is pencmed in tiie process of canmiBg 



ECO XNOC0LAT1ON ^ 

bS ‘^o««>-«ll«*ntoU » well 

”^ed point on the sheU. The e£ » olioed^ the 



T ^ j opemng is sealed with melted par^i or nail vw^sL 

days the egg is Ln refrigeratedfor^ 
j obviate bleeding in later manipulations. 
For wiAdiawal of the allantoic fluid, the shdl avct the air sac is drilled *nd 
M ’ oouig aupported in the i^ri^it porition, e.g. in an eeg-o^ 

tlte sheU membiwe and chono-allantois in the floor of the air sac are ^aww 
^th soasore and forceps. The fluid of the underlying allantoic sac 
be aspired with a capillary pipette. 

rifftniorir mocukttwn. ^Eggs are used after thirteen to fourteen daya*’ 
mcubatu^ On candling, the densest part of the embryo is marlr^rl and a 
rectangul^ area (2x1*5 cm.) in the long axis of the egg is drilled at t hi«^ point. 
Two further cuts of 1 cm* are made within the rectangle to form a triangle with 
the side of the rectangle towards the rounded pole of the egg, as the base. The 
triangular piece of shell is ^en removed, an opening is also made in the air sac 
and the same procedure as in chorio-aUantoic inoculation is adopted to produce 
recession of that membrane. The remainder of the drilled rectangular area is 
finally removed and the underlying shell membrane is cut away, A part of 
the chorio-allantois which is free from large vessels is picked up with mrceps 
and opened with scissors, avoiding any damage to the amnion. This mem- 
brane is now picked up with forceps through the opening in the chorio- 
^antois and pierced with a tuberculin syringe containing 0*05-0*25 ml, of 
inoculum and about 0* 1 ml. of air ; a little air is first introduced to ascertain if a 
bubble forms under the amnion, and if so the inoculation is completed. The 
amnion is allowed to fall back into position, and the shell opening is sealed 
with transparent adhesive tape. 

In an alternative method a drcle of shell 3 cm. in diameter is removed with 
its adherent shell membrane from over the air sac. Sterile liquid paraffin is 
applied to the inner layer of the shell membrane and through the resulth^ 
clear area a pair of forceps is inserted through the chorio-allantoic membrane 
and the amniotic sac is pulled upwards. The inoculation is then made in the 
manner described above and the egg is sealed with transpar^t adhesive tape^ 
For this method the eggs must be incubated with the rounded end uppermost 
both before and adFter inoculation. 

The egg is incubated for three to five da^^ at 36® C. The shell is th^ 
removed down to the level of the receded chorio-allantois and the lat^r w mit 
away with scissors. The allantoic fluid is drained off and the ammon is picdted 
up with forces, and amniotic fluid for investigation aspirated with a Ca piH a^ 
pipette. ^ ^ 

Yolk-Sac inoculation.— Eggs are incubated for five to nine days. At 
rounded pcfle of the ^ over tile air sac a smaU groove is diffied, a^ the yolk 
sac is with a syringe and 12 to 14 gauge needl^ 3 to 3*5 cim 

The neeffie is passed into the egg through the sh^ opening and m 
axis of the egg to a depth of about 3 cm,, i.e, to just beyond the cei^e of ^ 
egg. 0*1 to 5*5 ml. of inoculum is introduced and the opeia^ is sealed. 
Incubation is then carried out and the €gg « 

removed when the embryo dies. The shell is dnfled ^d tjepari^^ oiw W 
air sac, and the shdl membrane and dion^al^tois 

cut away. The contents of ilic egg can then be turned out into a FeWi ain« 

3t 
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and since tbe sac memlitane itself ccmtains a laige amount of virus, tiiis is 
retained for furt^ kveadgation; * 

For Oirdler detwls td the techniques of egg inoculadon the reader is 
referred to a repmt by Beveridge & Burn^ (1946). 


nsSUE CULTURE 

The simplification and refinement of tissue culture techniques in re<%nt 
jrears has enabled many laboratories to adopt dwse methods and to apply them 
m a ^reat variety of fidds in microbiology. Among the advances are the 
isolation of pure lines of cdlls that can be propagated at will in defined 
culture media and the use of enzymes to disperse ^ cells of tissues and whole 
organs such as the monkey kidt^. j 

Cultures of living cells provide an experimental host that possesses many 
advantages over the intact animal. It is possible to uk pure clones derived 
from a sin^e cell, to count the cells in a culture and tqstudy the metabolic 
and morphologicd changes t^t result from infection. The cell surfaces are 
directly accessible to invasion and th^ are free from me immune defence 
mechaidsms and the hormonal influences of the whole a^nud. 

For fill! details of tissue culture techniques see Parker (1961) and Paul 
(1960). 

Apparatus 

GUasmare of borosilicate g^iass made by Pyrex is generally preferred for all 
tissue culture woiic but soda glass as used in medical prescription bottles is 
also satisfactory. It may be mentioned that new glasswafe, even after very 
careful deaning, may at first give a poor growth of cells. After it has been 
used once or twice, however, the dimoilty disappears and satisfactory results 
are obtained. No explanation of this has yet been found. Tissue culture 
glassware requites to be cleaned by sp^mal methods (see p. 861) and to be 
rinsed very uoroug^y with ion*free distilled water (see p. 857). 

Stoppers for Tissue Culture Vessels . — Red or black rubber bungs and the 
rubber liners of screw-capped bottles contain substances that are toxic to 
cells in tissue culture. T^ surface impurities on these stoppm can to some 
extent be removed by boiling in weak aludi (e.g. 5 per cent, sodium carbonate), 
but even with this precaution it is always necessary to ensure tiiat the nfl>beT 
never toudies any culture medium. This hazard can be overcome by ^ng 
stoppers made of silicone rubber or grey virgin rubber, which are practically 
non-ttndc for cdls; they are greatly to be preferred. 

SsHer isAing suffers hum the same disadvantt^ and in generd is best 
avoided. Silicone rubber tubing is recommended and is eadly sterilised by 
heat. -■ _ 

Instnauents must be kq>t scrupulously clean. They may be sterilised by 
dry heat or by boiling. New scalpel blades or razor blades are often covered 
by a protective layer of grease which is to»c to cdls. The^ should be deaned 
by. wi{»i]|' them witii a doth soaked in carbon tetradiloride befine th^ are 
washM and siterilised. 

waters. — Before use, Sdtz fiber pads should be washed £nt of alkafi and 
deta^able aabeMoa.fibres by the passage of conside r a b le amcHants of sfotfle 
deminendiaed wato:. Sintered mtera should be deaaed after use^ 
treatmmt with strong add. Cbncsentrated sulphttric edd to ududr % ^ 
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ctystals <rf sodium nitrate and sodium chlorate have been added is itBowod to 
seep tiuw^h the filter. Afterwards the filter must be rinsed thorougbfy with 
a very large volume of de-ionised water. 

Media for foe Growth and Maintenance of CdUs.— Most media 
ejiqdoy for their base a balanced salt solution con taining a number of essenfisl 
inoig^c chemical s . Since cells form add as thqr grow, buffers are added to 
stabilise the pH and sodium bicarbonate is also induded for this purpose. 
Glucose IS athled as a source of carbon and energy, and phenol red is used as a 
pH iiuficator. 

Ba l a nc ed Salt Solutions. — ^Double glass distiHed water or deimneralised 
water (see p. 857) should always be used in making up baJanced salt solutions^ 
The salts used s^uld be of the highest analytic purity and the solutions 
should be kept in polythene bottles set aside spedally for the purpose. 
Phenol red is added to the solutions as a pH indicator and is non-toxic to cdls 
in concmitrations up to 0*005 per cent. In preparing bsdanced sdt soludoiu, 
care is required to avoid the formation of calcium and magnesium cartxmate 
and phosphate. In order to achieve this, the calcium salt is dissolved 
separatdy and added slowly to the main solution in its fiiud dilute stage. 
Hanks’ solution is one of the most useful in tissue culture work and details are 
given of its preparation as an example of the procedure needed. The same 
procedure is adopted for Earle’s and Gey’s solutions. 


Hanes’ Solution 

Stock solutions of the salt mixtures are convenient and are made up with 
ten times the concentration of all the components except for the bicarbonate 
solution, which is made up separately. 

Phenol Red Indicator (0*4 per cent,).— Dissolve 1*0 g. phenol red in the 
minimi itn volume of 0*05 N NaOH and then bring the volume to 250 ml. by 
the addition of distilled water. 


Stodi Solution A: 


(1) NaCl 
KCl 


MgSOs . 7HaO 
MgCla . 6HaO 
HaO . 

(2) CaClj , . 

HaO . 


. 160*0 g. 

. 8*0 g. 

* 2*0 g. 

* 2*0 g. 

. SOO^mL 

* 2*8 g. 

. 100*0 mL 


Mix t h*"*' two solutions slovriy and adjust the volume to 1000 ^ wifo 
water. Add 2*0 ml. chloroform and store in a polythene bottle at 4 C, 


Stdck Seiuthn B: 

NaaHP04.l2Ha0 



Ghicoae . 

Water 

Wheii diasolved add 

PltuMl red adutimi . • • • • 

Wi^ *0 l(K» ml. 

Add 2 ml. diloroform and store as with Solution A. 


3-04 g. 


80041 mb 


100 n^. 




MBDlCAt. MlCSOBloioGT 
BkmhmaU SckaieHi 

NiHCO, 14 g. 

Water 100 ml. 

Sterilise by autoclaving in a container with a tightly closed screw cu> for 
10 min. at 115° C. (9 lb. pressure). 

Hanb’ solution is made by adding 1 vcdume of stock solution A and 1 
vdunw of stock solution B to 18 volumes of distilled water. It is sterilised by 
steamii^; for 1| hr. Immediately before use add 0*5 mL of sterile 14 per cent. 
NaHCOs wlution to eadi ^ ml. of Hanks’ solution. Hanks’ scdution is used 
when conriderable fluctuations in pH are not anticipated and where a large 
buffering capadty is not required. 

Gar’s Solution (1936): 

NaCl 

Ka . 

CaQs 

MgSOe.THsO . 

Mgaj.flHsO . 

NaaHPOs . 2H2O 
KHP2O4 . 

Glucose 
NaHCOs . 

Water 


Eablb’s Solution 

As in Hanks’ solution the calcium salt should be dissolved separately and 
added sbwly. •' 


NaQ 6-80 g. 

KQ 0*40 g. 

CaCls ......... 0*20 g. 

MgS04.7HsO 0*10 g. 

NaH8P04 . HsO 0*125 g. 

Glucose 1*00 g. 

Phenol red solution 12*5 ml. 

NaHCOs 2*20 g. 

Water to make 1000 ml. 


Gey’sand Earle’s solutionscontain greater amountsof sodium bicarbonate; 
tiiey are useful when cultures produce mudi add or have a huge cdl popula- 
tion. When us^ for cultures with small numbers of cells tlMw may km tiieir 
COs and become alkaline; such cultures need to be “gassed’* wim 5-10 per 
cent COs ^ air after tire medium is changed and before stopperrag. 

Nutttoiit Media. — ^Maiqr defined nutrient media have been devised 
incorporating amino adds, vitam^ enzymes, accessory growth ftictors, 
glucose and inorganic salts in varying proportions. They are without 
rafylementation to m ai nt ai n establisi^ cultures for.peri^ of tiuee or four 
days when e«31 mul tif dication is not required. With serum or tissue extracts 
added they are used to promote tile active growth edls. 

The most widdy usra defined medium is Morgan, hhnton and Esther’s 
Medium 199 (I950]-or a modification of h; it is jMitiktilairiy useftil in the 
maiotenaooe of cells for tiros j^rodimtion in vaodne mamifadture and in 
^i^^ostic WDih with the enterovuuses. 
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199 (Morgan, Cmpbett and MorUm (1^55) Modificaiion iKlSO) 


Solution I 


Andno Acids 

L*Arginine 

L-Hurddine 

L-L^ine 

DL^Tryptophane 

DL^Ph^ylalanine 

DL-Setine 

DL-Valine 

DL«Alanine 

Glycine 

DL*Methionine 
DL-Threonine 
DL/^Aapartic acid 
DL-Leucine 
DL-Isoleudne 
L*Proline 
DL-Glutamic acid 
L-Hydroxyprohne 
I Sodium acetate 
I (anhydrous) 


Mff, per 
1000ml. 


Solution 




Mg* per 


Pot Soluble Groups 
Cholesterol 
Menadione (Vit. K) 
Calciferol 
Vitamin A 
TVeen 80 

Vitamin C Mixture: 
L-Cysteine HCl 
Glutatiuone 
Ascorbic acid 

Disodium tocopherol 
Phosphoric acid (Vit. E) 

1 Folic acid 


Adenine sulphate 


Punne and Pyranddine 
mixture: 

Guanine HCl 
Xanthine (monosodium) 
HypoxantUne 


11 

Adenosine triphosphate 
(disodium) 

12 

F<KNO,),.9H,0 

13 

Adenylic add 

14 

D-Ribose 

Deoxyribose 


Glutamine 




Medium 199 is made up in Earle’s balanced salt solution from the fourteen 
stock solutions i^ven in the table. The glucose and the sodium bicarbonate of 
the Hanks’ solution togetiier with a solution of L-glutamine to ^ve a final 
concentration of 100 mg. per 1. are added immediately before sterilbation by 
passage through sintered glass filters. For the detaib of preparation of tte 
stock solutions ref^ence should be made to Morgan, Campbell and Morton’s 
paper. 

Many attempts have been made to si^lify defined media of the 199 typs 
md tile best of tiiesc is that devised by This medium cemttins only 

thm» ingred^ts that are essential for cdl growth raAcr tiian tho^ needed 
for Mtnnal growth. It is unable to support growth in the total abse^ m 

added Wotoj^al fluid. Although favoiued by ^c woAers,, it has 

general acceptance, for, although simpler than 199, it is stffl comply enough 
to require much time in its preparation. 
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For detaila of Eag^’s medium and other defined media the reader is 
rdferred to Faul (196^. * 

AatIUmleB. — ^Neaiiy all the culture media in general use contain anti- 
biotica to control chance contamination dui^ die handling of cultures. 
For this purpose, stock solutions of penkilm and str^^mnnycin are held 
available in the refrigerator and are added to the media immediately before use. 
Final concentrations of 50 units of sodium penicillin G and 50 fig. of strepto- 
mycin per ml. of the medium are sufficient for the purpose and are not toxic to 
the celk. Fungal contamination may be held in check by mycostatin (nystatin 
Squibb) added to give a concentration of 20-50 jiig. pu ml. but it must be 
remenfoered diat t^ antibiotic is unstable at 37° C. and diat after twenty-four 
hours its i nfl uence is lost Neomydn or Kanamydn at concentralioM of 20 
fig. per ml. is also useful to control bacterial contamination and is particularly 
vduable against pleuropnramonia organisms which are often chronic con- 
taminants of cell lines. . 1 . . 

Antibiotics in hi^h concentrations are valuable in Wmination of bacteria 
from heavily contaminated tissues or from faecal mate^ to be examined for 
the presence of viruses. Treatment of these materials for a short period with a 
solution containing 1000 units penicillin, 1000 fig. streptomydn is highly 
effective and neomydn 500 ftg. per mL is also vduabib. The presence of 
antibiotic-resistant organisms contaminating material of tfiis type can best 
overcome by determination of sensitivity of the organisms to a ran^ of anti- 
bioticB and subsequent choice of the most suitable agent. Occasionally in 
faecal emulsions, antibiotic-resistant bacteria can be removed by prolonged 
centrifugation at speeds of over 10,000 r.p.m. When attempting to imlate 
members of the psittacosis lymphogranuloma group sidphonamides, penicillin 
and tetracyclines must be avoided, but streptomydn in concentrations up to 
2000 fig. per ml. will control most bacterial contaminants without harming the 
chide embryo. ‘ 

The Prepars U ion Cultarea of Cells from Fresh Tissues 

Httman Amnioa Cell Culture — A placenta with its attached membranes 
is obtained following a normal delivery or preferably at a Caesarean section. 
It is inqiortant that the amnion should not be badly lacerated, that it should 
have been delivered with a minimum of handling, and that it diould not have 
been in contact wirii any disinfectant. If possible the pbceiUa i^uld be 
reedved directly into a wide-mouriied, screw-o^ped sterile jar containing 200 
ml Hanks* solution vrith added antibiotics. It is convenient to use placentae 
delivered in the early hours of the morning; they should not be used after 
e^gh* hours and on no account diould tihey be placed in a refrigerator. 

On reedpt at the laboratory the placenta is suspended by the cord held by 
Spencer WdUs forem in a retort clamp over a^ huge st^e bowL If the 
puomta baa many infarcts or if die amnion is badly lacerated, soft ot 
oedematous, it should be re.^cted. Otherwise, dissection is b^iun at the point 
of entry tl« cord and the amnion is stripped gently downwards from the 
underiying chorion. The whole amnion is soiarated and transferred to a 
sterile fla" containing about 250 mL Hanks* smutum witih added ant9>iotic& 
After i^^Nation die mendnane is rinsed in tm> chsi^ of the mUitfon and is 
then franriected to a ristile 6 uu Petti diah in udum it ia cut into iium 
strips with sterile aefoaora. A^u^ent l^md and mucus ^ setapod the 
suriace of the strips tMtaf the edges of rietfie microscope slides and ^ 
oi mnriwane are tl^ puwed in fresh Harika* ariatkm. ..at 

When this stage is eomi^teted the sttipa are transferred to a stupe flasx 



CELL CULTUEB 


mi 


coEtmui^ 150 of 0*25 per cent tryprin (Difco I ; 250) in Hanke* aokitimi 
yif$irtQ0i to 37’ C, After thirty minutes the trypdn solution is mhoved sai 
discarded and replaced with an equal volume of fresh sohitiofiu A stotM 
gissfKXiva:^ magnet is now introduced into the flask which is placed on a 
magnetic stirrer in the 37® C. incubator. Stirring proceeds at tiie tiowest 
possible rate and the tryptic digestion is continued for two and a half hours* 
At halfr-hourly intervals, on three or four occasions, the cloudy supernatant 
fluid which ^tains the de^hed cells is removed and replaiid with fresh 
trypsin solution. The portions removed are bulk^ togetiier in a flask and 
kept at 4® C. in the refrigerator. It is very important that the cdls should not 
be damaged by exposure to tryprin at 37® C. for tonger than is absolutdiy 


necessary* 

When the last portion of cell suspension has been added the pool is filtered 

throu^ a double layer of sterile gatize and : ^ 

in a straight-headed ^ «»«,ou^iu»iaiiii:rypsin 

Bvi&uuiuu w iMjw cuscarded and the cells are' resuspended in 10 mi. of fresh 
Hanks’ solution. Next, a count of the number of cells in the suspention is 
made in a haemocytometer chamber. For this purpose, 0*5 ml of the sus- 
pension is added to 1*0 ml. of a 0*1 per cent, solution of crystal violet in 0*1 M 
citric acid* In making the count clumps of several cells adherent to each otto 
arc to be recorded as single ceUa. Cell counts may range from 50 to 80 million 
per ml. The suspension is now diluted with the culture medium to be used so 
that it contains 400,000 cells per ml* 

The final step is to dispense the solution in 10 ml amounts into 5 x f m. 
tissue cidture tubes. This is carried out while the cells are kept in continuous 
agitation by the magnetic stirrer and a syringe of the Cornwall^ type for 
automatically pipetting fixed volumes is recommended for the purpo^ 
Amounts of 50 ml. may also be placed in suitable bottles. Tubes and homes 
are placed horizontally in the 37® C. incubator and are held stationary without 
further disturbance for three days. 

The culture medium is changed twice weekly and it is remmm^w^ 
though not essential, that, after the first change of medium on the^^ 

the tSbea are transferred to a roUcr drum. Bysev^totendaysath^^^ 

has usually grown out and the cultures are ready 

recommei^ washing of the cell sheets twice wifii fresh medium before 

inoculation, but this st^ is not essential. ,, s- HgnV.* 

The medium recommended to promote ammon c^ growth » 

solution with 0-S per cent ^bur^ 

Sto^-^SrSLr» of c* 

samew^mtubccultures. purpose tifeofflt 

37*C. tl»«iw«»ion»thencoimtrf 

dMfii'awf^ dkove w tiie primary . . ^miwud a riwsw «r 


niqto ,, - 

» hhids by Bwnon, WridnioB ft tk» 
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it V « {mietioe to lAow tiae anmaal to siarvivo Ibr about three weeks 

hefiMU Umag it to obtain the other Iddaey. After this iniennl, the second 
kidnqr is onim hTOertK^lded and provides M iiic»aaed ceQ: 7 idd, 

0^ removed, the Mdneys are immediateljr decapsalated with sterile 
instruments and the jadvis and eaiices are dissected awiqr. Whh stei& hmg- 
imdied sctsaors the fcidnejr tissue is cut into 2-3 mm. fn^menta which are 
rinsed twice in HanJcs’ solution with added antibioties. Next the fragments 
are transferred to 100 mL of 0'25 per cent, trypsin solutian in Hanks’ Solution 
twmed to 37° C. After gentle agimtion for twenty minutes on a magnetic 
stiner, the trypan is ducarded and replsMd with fredi aolutfon. At twenty- 
minute intervw on three or four occasions, the turbid solution wi^ its 
suspended ceUs is removed, stored at 4° C. and rtmkced with fresh solution. 
The pooled cell sus^tensions are now gently centrimged at 80 G and the cells 
me vrashed twice with Hanks’ solution. The cell deposit is next resuspended 
in 10 ml. of the culture medium to be used and thb cells are counted in a 
haanocytemeter. The odlsuspenuon is now diluted with culture methum so 
that it contains 300,000 cells ^r ml. The final sten is to dispense the cell 
suspension in I'O mL volumes into tissue culture tubm, in 15 inL amounts in 
16-oz. medicine bottles, or in 80 ml. amounts in Roux bottles accordmg to 
requirements. \ 

During active growth the cells are cultured in Hano’ solution containing 
0-5 per cent, lactalbumin hydrolysate and 20 per cent, horse or huntan serum. 
(Human serum may, of course, contain antibodies that are able to inhibit 
virus growth.) During the first forty-eight hours the culture tubes are held 
stationary in a horizontal but slightly tilted position in racks or drums. Care 
must be taken that the culture medium does not come into contact with the 
corics of the tubes. Once tire cells are adfaorent to the glass it is recommended, 
but not essential, that they are rotated in toller drums, \yhen the cell growth 
has formed a confluent sheet, usually some four to ox days'later, the me^um is 
changed to one of the maintenance type such as medium 199 and the tubes can 
then be inoculated vrith virus. If tiie cells are to be observed for more than 
three dqm, 2 per cent, calf serum should be added to medium 199. 

Cdl Steams^ — ^The cells that are obtained from disaggregated tissues or 
from fragments growing in plasma clots can usuaUy be carried in subculture 
for only a few transfers. After this the rate of multiplication dedines and the 
cells die out. In some cases, however, after a variable static period there is a 
sudden outgrowth of new cells and thereafter proliforation is rafnd. It is then 
pcnstble to carry the strain in repeated serial transfers. After such a trans- 
tonnatkm occurs and when some dozen or more successful subcultures have 
been made it becomes apparent that the cells can be propagated indefinitely. 
In tiiese carcnmstances m cdls can be considered to omstitute a strain or line. 

Maav cdB strains have been derived from such lunrnal human titsues as 
liver, kimaey, intestines, embryonic skin otd mtisde (fforcfolasts), and onnion. 
Otiier cell lines have been obtained frxmt monkey kuhiey and sarcomatous 
tissne'intihe mouse. 'Ihreecdlstiaim of great value in medkalvirdogy have 
mq^iatedmlmmanimdignairittBsue. HieHeLaatmnofepitiidtalcabwas 
obtamed Gey from a squaswus odl ctadnoma the cervix uteri, ^ 

KB attain lyEi^ from a caremonaofthenaaopharynx, and the HEp2 strain 

frmn an immiduHna; Every cell strain has its own danacli erii tic matem of 
susoeptflMn'Qr to infeetiim by viruses. Helk oeib inn be infiBeted witii an 
obvious cytqpafluc eflhet by the tiuee Qrpea of poBovirua, the whole group of 

adaxmmsea, the pox viruses, and by the heapesrimplex virus; in geoend diey 
are not auaceptiMe to infection fay the C o xsa a a e viruaea of groups A or Bor by 

the ECHO vuroaea. 
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swMWwdie^OT^gaiifaceofgbas. Often it « iin^^S®5 

examine &e ee& dunng their growth and for diis purpose »W ate maiiSmi^ 

rt w^T 1“ » ^nned on the akie nf 

tcs^rajea (t <v fin. diameter) wbch can be view^^th } in. objective ofihe 

SSdSL o^*pS diE°®^ th^ can be cultivated 1 the flSaurftceaS 

!Sr ^ required in greater numbers they ai^ 

in»De*«to^ofCeUafioinaCiiltttre«GI^ 

tunes iw^t into suspension simply by gentle scraping with a glass tod 
coveted ^th silicon tubber tubmg. This method cannot, however, be relied 
mSiSf ** ** “““y necessary to detach die cells by one of the foUowing two 


In the first method a chdating agent, “Versene”, is used to bind divalent 
lOM such ra cakaum imd magnesium with the effect that the cells round up 
and leave the glass. Versene** is diamino-ethane-tetra«acetic acid and its 
disodmm salt is employed in the following solution: 


Diaodium versenate 

NaCl 

KCl . 

NaaHP04 . 
KHaPOs . 
Glucose 
Water 


0-2 g. 

80 g. 
0-2 g. 

MS g. 

0-2 g. 

0-2 g. 

1000 ml 


To suspend the cells remove the growth medium and wash the surface of 
the cell ah^ with balanced salt solution (Ca and Mg free) warmed to 37° C. 
Replace die salt solution with the versene solution and incubate the culture for 
10-15 min. at 37® C. As soon as the cells have left the glass add growth 
medium and diroerae them by gentle pipetting. The cells in this suspenaicai 
are then counted in a haemocytometer and diluted to give a concentration of tiw 
order of 100,000 per ml. With delicate or dow>giowing cells, concentrations 
as high as 500,000 ml. may be required. This method is valuable for HeL« 
cells. 


JFVotaofytfo anaywier may be used to release the odls from the surface of the 
glass. A stock solution of 5 per cent, trypsin (Difeo 1 : 250) in Hraks* 
solution is convenient for this purpose. Before use, the stock solution is 
diluted 1 in 10(0*5 per cent.) with Hanks’ solution and wanned to 37® C. Ihe 
culture medium is removed from the monolayer culture and replaced by an 
equidvcdume of trypsin. After about ten minutes’ incubaticHi at 37® C., and as 
soon as die ce&B leave the vessel wall, they ue spun down in a sterile tube for a 
feW ipfawiteQ at 80 G and tiie supernatant is t^l^d by culture mafoun. 
After the odls have been counted the suspension is diluted to give the required 
<»ncentirmkMi in culture medium. 

Hie aeomid' method is most commonly used. S<mim w^»e*B ccumd^ta 
lower coneeiftratimi of trypsm {*.g. 0 025 per cent) is destra^. Duri^ 
tiypuffliaa&nacwefiil 'tirstdironftbekeirtontbepH. Below pH 7*Otrypm 
is ptacticdly Isacttve and above pH 8-0 the cells are badly df^getL Jn 
flitdi ipo(Mls 1^ came damage and deam of the cdie, «o 

the fliowmt idfective epeed of the centrifuge should be used. 
MalateiilMmilMe Swilhig of Cellt * — Vihea the cdl suspensions have 

been phosd in d» cuftm* tubes, and vessds, diey are inj^ted to for^-ei^ 

bouts at 37^ C in die hmisontal position until tiie oelb are adherent tome 
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gktts* Thtimifi(^tube€ultitmiBavbe to The 

dnun conmtft dP sheet metal, or a plaatic such as Perap«», pbiim mik holes 
of the i^xopiiate sise to hd^ the cultam tubes and mouut^ on a horisontal 
shaft* The dram is tilted at an angle of 5 d^rees in order to prevmt the 
nutrient medium touehing the stoppm of tihe tubes; it is rotated at a speed of 
12-20 revolutions per hour by an electric motor fitted with a reduction 
gear* 

'Die feeding of cell strains consists simply of pipetdi^; off the old culture 
medium and replacing it with new. Medium may conveniently be removed 
by nutans of a pipette attached to a auction pump. A flask acting as a trap 
^uld be insert^ between the pipette and the pump. A mechanical dis* 
penser (e.g. an automatic 83 rringe, see p* 1031) grea% reduces the labour of 
adding medium to the tubes. 

The medium used for growth of the celb varies with the cell strains but the 
follovidng is in common use: j 

Hanks’ solution to which have been added 0*5 per cent, lactalbumin 
hydrolysate and 0*1 per cent, yeast extract (Difcd). For HeLa cells an 
increased yield is obtained by supplementing with 5ber cent tryptic digest 
broth (Tomlinson, 1962). To tins mixture 20 per cent, serum is usually 
added. Horse serum is perhaps the best for most purposes, but human, 
calf, and rabbit serum may also be used either separately or in combination 
(e.g. 10 per cent, horse scrum + 10 per cent, rabbit serum). 

For maintenance of the cells medium 199 alone will suffice to keep the cells 
in good condition for periods of three to six days, but if maintenance for longer 
periods is needed, 2-5 per cent, horse serum should be added. If it is desired 
to dow the rate of cell multiplication, Earle’s solution iif used in making the 
medium and the concentration of serum is reduced by 50-75 per cent. Some 
workers also increase the sodium bicarbonate content of the medium. Iii the 
routine maintenance of cell strains it is convenient to handle them twice a 
week. On die first occasion they are fed and on the second they are detached 
from the glass and transferred to new vessels. 

Plaque Tecluiiqiies employ the method whereby a dilute suspension of 
virus is allowed to absorb, for a suitable time, to the cells of a growing mono* 
layer which is then overhand with molten nutrient agar or methyl cellulose. 
The overlay prevents the diffusion of tihc virus and its products in the way 
occurs in fluid media; each infective particle, as it multiplies, is able to initiate 
a focus of necrosis spreading only to contiguous celb md ultimately gives rise 
to a dear, vimble jdaque. ilie value of the method is that it offers a precise 
means of titrating the infectivity of viruses which is then ^^ress^ in terms of 
plaque forming units (PFU). Hiui, the virus nratraU^g activities of sera 
and also of an^viral i^ents can be assessed by tiietr abilities to inbildt plaque 

formation. The plaque » derived frmn a dn^Wectious virus particle and 

analagous to the bacterial colony. ""By the excision of a single plsque from a 
pli^ it is therefore posrible to obtain a pure done of the virus wwi al^ to 
separmte it from a second virus in a mixed infection. Many viniscs fom 
phupiea diffdirat shimes and staes and ao tife medhod is vshwble in <hs- 


a bshmeed sdh sdh^ T1 m 9^ vinis for ino^^ 


ungmsnmg ana cnaracicissiiiig wma txavuinx 

In preparing cdl cultures for vuus infectirity titrations gtest 
requited to ensure even nxmolayeri of hedthy cdtogiewiii^ 
iMes of Petri dishes or Cxnel flatits, or tm the ama If 


plaque techniques 

rimdSto«°i&EJ^te,“tSSli^sS>S^ • pmiMOTiiMj 

'r**‘ *®, of the inoculum but should 
not occeed me length of the eclipse phase of the virus concerned Widi 

a abmrption penod and a monolayer in a 24«in. Petri dish. 0*5 ml 

3 0 TOMdd be needed men the mocuhim is large (e.g. more tbm 2^0 
ml.) It should l« rcmoT*^ vnih a pipette at the end of the iSriod. butSs ia 
unnecmary aanall mocula. After initial experiments the volumes and 

To prevent sub^uent abrarption of the virus and also to inhiKit secondary 
plaque formation, the mfected monolayers are now covered with a semi-solid 
or VISCOUS overlay. Two methods are used: 

(a) Melt a 3 pw crat. mixture of agar (Difco Noble agar) in balanced salt 
solution, cool to 43 C. and add it to an equal volume of culture medium at the 
same tenqierature (Hanks’ solution containing 20 per cent, horse serum or a 
maintenwce medium). Some workers add neutral red to give a final concen- 
tration of 0-002 per cent ; this vital dye stains the living but not the d«>ad cd^s 
and thus renders the plaques more easily visible. Quiddy cover the cell layer 
with Ae nudten agar and set aside to wUdify. Invert the bot^ and inr^^h atp 
at 37 C. Exa m i ne the botdes daily in an oblique light for plaque foimadon. 

This method suffers, however, from the disadvant^ that the add muco- 
polj^cdiaride present in agar tends to reduce plaque formation by a number 
of viruses (c.g. herpes simplex) (see Nahmias & Kilbrick, 1%4). 

(jk) Make up medium ftrom the x 10 stodi solution to 1-3 times id 

nonnal streneth. To 7-5 mL of this add 10 ml. calf smim and 15 mL of a 5 


per cent, w/v solution of carbon-methyl cdlulose in distilled water (Ruas^ 
1962). Covertiiemon(dayerwi&thiBsdutiontoadepthofim.andmcubate 
the {dates in a moist atmosphere containing 5 per cent COg, ecerdsing great 
care not to dirturb tiie cell layers. Plaques are produced in some three to six 
days and vdtenever they are apparent me fluid overlay is discarded and the 
monolayers aie fixed with formaldehyde-saline and stained with Leafaman’s 
st^. A count can now be made of the plaques and from the %ares ob- 
tained the content of infective virus partidre can be calculated. i 

CoopCT (1955) has described another m^od for {deque ptodnctiim, in 
which a cdl-vims muqiension is incorporatid into molten a^. A suspension 
compuiaiiK about 15 n^lion cdla p^ mL in a culture medium made up in 
Earie’s sow^ion is nuxed witii a tfilute virus pr^aration and added to an e^^ 
volume iff moltira 1*8 p«r oatt agar at 44® C. Hie nuxture is poured into 
10 cm. PMti and incubated, as soon aa it has set, in an atnuM^f^^ ' 

containme }0 pa’ cent COa. Rndacenrart of tire bkatbonate buffer in tite 
medium witfb 0-3 per cent “tris bufe” (2-annno-2(hydn^-aw8di3^ 

1 : 3-{nopon6cfioQ ensfoies the use of the COj oontaiosng atoo^mwe diumg 
the incubation {leriod to be dispensed with. . 

Hncpiio Is fiequentty used to demonstrate the neutewiMW 

Several metiiods ^ be 

(«) I«niinifi|f > sod vitus aic mixed togelha: and after a 

interval tetidud ntus activity » determined by plaqire titration. 
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with molten i^pg cwiitaiiiing swial dUutioiM of the wriMmiin. 

M Serum dihiticMu in molten agar are made m in {b) but uaed to overlay 
uaunsBcted monohyera. Vitus is ap{died in oqM or beads, as m anfeSuotic 
assay wwdc, and to {ooduce {deques it must difFuse (hroi;^ the antisera 
contnned in 0ie ^ar. 

(d) Moixdi^ws of cells infected with a standard dose virus are covered 
with an overlay of ordliuay agar. Beads omtainii^ dihitimu of antiaeta are 
now set on d» surfitce of the i^ar and wherever antibodies are present they 
dtflhise to the cdls boieath to inhibit plaque fonmation (Busby, House & 
MadDonald, 1964). 

Eaplaatidion ia Blaamn CkMs,— -A wide variety of hunum or animal 
tissues may be used to provide host cells for virus growth in tissue cultures. 
It is important that tissues removed at operation or at autopsy Aould be 
placed in a refrigerator at 4° C. without delay. As possible tlm material 

sh^d be sliced with very sharp instruments into pieces about 5 mm. 

thidr andtiten inunersed in Haims’ solution containi: penicillin and strepto- 
mydiu The cells in such slices remain viable at 4' for between eighteen 
wd thi^-six hours. Mincing of the tissues into nts of 1 mm. diameter 

is required for some types of culUires and may be unc with pieces of 

new razor Uades held in a handle or by a fine pair of , ncer-WeUs forceps. 
The fin^ments so made are rinsed several times in Hanks’ solution to free 
diem from amorphous debris and are then set up in cultures as ftdlows. 

A drop of chicken plasma is placed on the side of a test-tube and is spread 
out to cover the lower half of its length. Three or four tissue fn^ments are 
next placed at intervals on the plasma-coated tube. A drop of chick embryo 
extract is then flooded over the fragments utd the plasma is allowed to clot 
during the next five to ten minutes. Next 0-5-1 -0 ml. culture medium, which 
is sinular in oanposition to that used for HeLa cells, ia added to the tubes, 
whidi are then tightly stoppered and incubated at 37° C. in a rotating thrum. 
The cultures are fed when the medium begins to become add — usuaUy every 
third day. After a few days, the growing cells, whidi may be epithelial or 
fibroblastic, migrate into the plasma and begin to grow. In three days the 
cdUs have often produced enough trypsin to digest the phwma dot and to form 
a large hole in it. This may be overcome by patching the hole with a drop of 
fredi plasma which is again made to clot by duck embryo extract Alter- 
nativdy the action of the trypsin can be entirely cbedced if ^ culture medium 
contains 04)5 mg. per mL of a pure crystalline soya bean trypnn inhibitor.' 


MCMLOCaCAL ILfJIDS AND EXTRACTS 

SwwM is a valuable ii^predient of the great nuqority of tissue culture medit 
Human, horse, calf and diidcen-sera are those most often used; they are 
obtained fttun whole blood after it has dotted. Scxum must be test^ for 
bacterial sterility b^ie use and is best dored in a deep foeeze cabinet at -*30° 

C. Smne am ate nuukedly toxic for growinecd]^ and it is a vrise precaution 

to test so^ dilutions of wh foesh todi of serum in a number m replicate 

cuhurea of cdla. Human idaoentai cord aorumia regarded aa being pattica- 
larfy good for pmaotfog tbe growth of cells and ia teli^vdy free IrtHn toxic 
pj^Nsrtiea. 

* AvailaUe owmMeoially Am V. ft A. Horn Bmbridni JRo8<t l^entfon, .W>11 



BIOLOOICAL FLUIDS 

.^uitujand piewrci flmii are usefiil culture media arid ate pceDai^di imd^ 
tested 111 wie same way as sera. ^ 

Chidden Blood is taken from the wing vein into a steilb sytiUge 

contat^g ^macnt hepann solution to rive a strengtih of S units of hepron 
per ml. of bl^. Greater strwigths of heparin rfiould be avoided as die 
plasma thus omamM may not clot. The blood is discharged into a dean dry 
test-tube and the plasma is separated by centrifuging at 80 G for 5 min. Store 
in smaB quantittes at 4° C. T 

A convenient hepaiin solution is made by adding 1 ml. of heparin (Roche 
Liqucnmi, 1 ml. « 1000 international units) to 9 ml. Hanks’ solution: it can be 
sterilised by autodaving at 115" p. HO lb.) for 10 min. and peniciUm and 
streptomydn sulphate should be added to concentrations of 500 units and 
500 fcg. 0-5 ml of this solution is sufficient for 10 ml. of blood. 

Bgvvhb AfKniotic P/md.— This provides a valuable means of promoting the 
growth of tissue cultures without the interfering action of specific antibodies 
present in human serum. 

An intact cow’s uterus, some three months gravid is obtained from the 
slaughter house. The contrined embryo should be between 8 and 12 inches 
long. The uterine surface is flamed and carefully incised at some dependent 
point away from the embryo. The amniotic fluid is allowed to escape into a 
sterile one litre measuring cylinder. Penicillin, 100 per ml., streptomydn 
100 jttg. per ml. and mycostatin 20 units per ml. are added together with 
suffident stock phenol red solution (04 per cent.) to give a final concentration 
of 0*002 per cent. Using aseptic methi^s the fluid is filtered throu^ gauze 
and then spun at 2000 r.p.m. in a straight headed centrifuge for 30 min. 
The resulting supernatant fluid is filtered through a Seitz E.K. filter, dispensed 
in small volumes in hard glass containers, stoppered, and stored at —30" C. 

Chick Embryo Extract . — ^After chilling for two hours at 4" C. nine-day-old 
embryos are removed from the eggs and washed once in Hanks’ solution. For 
some purposes it is necessary to remove the eyes of the embryos. Place the 
washed embryos in a homogenisii^ flask and add 1*5 ml. per embryo of Hanks’ 
solution. Add sufficient penidllin and streptomycin sulphate to g^vc a final 
concentration of 100 units and 100 fig. per ml. Homogenise at medium speed 
for 10 Centrifuge the suspenrion at 1000 G for 10 min., transfer the 
supemMant to suitable tubes, stopper, and store at -—25" C. Chick embryo 
extract is best used fresh but may be used for a week or moreafter its 


preparation. . . * • • 

Bovine Embryo Extract . — ^An embryo 4-6 in. long is obtained, cut into 
small pieces and placed in a Waring blender with an equal volume of Hanks 
solution. It is homogenised at high speed for 2r-5 min. and the resulting pulp 
is transferred to centrifuge bottles and spun down. The resultant somewhat 
turbid supematant is used as the extract in culture media. Some workem 
prefer to purify it tiirtfaer by ultra-centrifugation and as a final step to pass tt 
throuA a fine sintei^ glass filter. . , r 

Test JUtmly of Trypsm.-lt is neces^ to ch<^ 

the acti^irfUw trypsin used in sohitions to disaggrtgate Ae 

t-2.1 mit bv oreoarimta scrtes m about 


balanced ^sdtttion, OnedHmofeachddutionispI^onast^i*^ 

film together with one drop of Ito’ as a con^.^ 

plac^^mdiat hlotting.pBl)ter in a Pern 
thirty minutes at 37“ C. Itemove the strip 

ture or tun odd water owf the reverto Whet^ ttypsih 

fira%; Itow&»ddtowhok film gently wth cold water. Wherever ttypem 
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wts ptcsent die Mlfttin wiO fasve been digested to 'W8t)6t«>ob^lfi products and a 
pjndied>oath(nennll^pesr iothe£hn. The ocmttol area (Hanlcs* solution) 
IS not dittolved at all 
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ABBREVIATIONS AND CONVKtSION FACK^ 

Maas 

g. «gtaiu 

kg. »kilognun (1 kg.= 1000 g.) 
mg. BiniUigram (1 mg^^O-OOl g.) 

e g. Binicrognan (1 jug. *0-001 mg.) 

>. *pQUQd weight avoirdupois (1 lb.=453-6 g.) 

Length 

m. =»metre 

cm. * centimetre (1 cm* 0-01 m.) 

mm. *millimetre (1 mm.*0-001 m.) 

fi *micron (1 /u*0-001 mm.). 

m/t *millimicron (1 m/i=0-001 ju* 10 AngstrSm unit, A.) 

in. *inch (1 inch*2-S4 cm.) 

ft. * foot (1 ft. *12 in.) 

Area 

sq. in. —square inch (1 sq. in.=6-45 sq. cm.) 

Volume 

L —litre (1 L—1-76 pints) 

ml. —mUUUtre (1 ml. *0-001 1.) 

juL —microlitre (1 jul.* 0-001 ml.) 
oz. —fluid ounce (1 oz.* 28.41 ml.) 
cu. ft. — oibic foot (1 cu. ft.— 28*3 1.) 

Temperature 

X“ C. —X degrees Centigrade 
Converrion of X° Centigrade to X** Fahrenheit: 

X' F.«1-8X“ C.+32 

Time 

hr. —hour min. —minute sec. — seamd 

Oflier Abbreviations 

N -normal (e.g. 2 N HQ) p.p.m.-part8 pet 
M -molarfs.g-O'l^NsjCOa) LD50 -average lethal ^ 
r.p.m. -tevoluttons per minute MLD -minimum teiM ^ 
mv. MHD -mii^ip luwmmytw dose 

per cent. The nmeeittaae cemcrntration of sohitiMt is stated 
ilLvSw* 100 ml of solution, #.e. as per 

e— ULfw/vi 0nl^ ofljerwise in<fictted flje Bowent, 

nirl <««. (y/y)-mL of 

100 inL of mixtuiei as in gas mixtutes. 
fr-ftnee of gnvi^ 
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A ANnoBN, 245| 249 
Abb4 condentef, 616 
Abbreviations^ list of, 1039 
Aberration, sphencd and chromatic, 612 
Abortion in catde, Brucdia tAartm in, 280 
Vihrkffms in, 269 
Abortion in ewes, enaootic, 484 
Abortion in sheep, Vibrio fiius in, 269 
Abrasive grinding in preparation of cell- 
free extracts, 874 
Absorption tests, 918 
Acetate buffer, 851 
Acetone-alcohol as decolouriser, 648 
Acetone powders, production of, 876 
Achorion gaUinae, 508 
Achromatic objectives, 613 
AckromobacteraceaOt 45, 46 
Acid-alcohol (for blood films), 535 
(for Ziehl-Neelsen method), 654 
Acid-fast bacilli, 42, 194 €t seq. 
stain for spores, 657 
staining of, 652 et seq. 

Acid-fastness, 15, 652 
Acidophilic bacteria, 40 
Acquired immunity, 113 et seq. 

Acquired non-spe^c defence mechan- 
isms, 104 

Acridine orange R, 633 
Actinobacillosis, 307 

ActinobaeUlus acHnomycetemcomitans^ 307 
Actmchacillus Ugmerm^ 307 
mallm. 261 

Ajctinon^cet, 43, 303 it seq, 
astermdes, 306 
haudetU, 306 
305 

farcinicus (nocardn), 306 
uraeBip 303 

ActmrmycitaciOi, 47, 48, 303 
AcHnmycetaliSt 10, 43, 44, 47, 303 
Actinomycosis, 304 et seq, 

Acdve immtmity, 118 (see also various 
diseases) 

Acute follicular conjunctivitis due to 
adenoviruses, 418 

Acute intestinal infections, diagnosis of, 
560 

Acute pharyngitis due to adenoviruses, 
" 417 

Acute respiratory disease (A.R.O.) due to 
adenoyinises, 418 
Acute rheumatim, 152 
pievention of, 155 
Ai^ sore ffifok, dii^no^ SS7 
Adadbi^s stain, 66? 

Adiqnationi, bacterial, 88 
Adaptor, ottiectilvei 621 
AdesioviriUNM, 8$, 
clinical syndromes due to, 417*419 
igbrnemy dSagnosiSt 419 


Adenoviruses, vaccination against, 419 
Adjuvants, 114, 120 
Aides aegypti in Yellow fever, 454 
in D^gue lever, 457 
species in Rift Valley fever, 849 
Aei^es, obligate, 36 
Affican horse-sl^ess, 461 
African Slewing Sickness (see Trypano- 
somiasis) 

African Tick fever, 354 
Agar, 722 , 

blood, 745 I 
nutrient, 741 
prof^rtses oi 734 
semi-solid, 7f3 
serum, 746 
types of, 735 ' 

Ag^-blodk metHpd of 0rskov, 13, 804 
5^j)r^aration of, 917 

Agglutination-lysis test in leptospirosis. 
362 

Agglutination test (Broom’s) in lepto- 
spirosis, 362 
slide, 916 

Streptocoeem, MG, 911 
tube, 907 
Vi, 911 

whey, Bf. oftorriu, 984 
Agglutination tubes, 907 
Agglutmin-absorption in Paul-Bunnell 
test, 913 
tests, 918 
Aggressins, 105 

Air, bacteriological examination of, 993 
sampler, 993 

Akiyami (Harvest sickness), 364 
Alastrim (Variola minor), 370 (see also 
Smallpox) 

Albert's stain, Layboum's modification 
of, 655 

Albimi agar, 766 

Alooholised bacterial suspensions, 910 
Aldehyde reaction in Leishmaniasis, 543 
Alkalescens-Di^ar group of entero- 
bacteriaceae, 256 
Alkaline egg medium, 758 
AUantoic antig^s, 939 
inoculation, 1024 
membrane antigens^ 939 
Allergen^ 113 
Allergy. IM 

« uitigen {Btuofi and Stoai!), 245 

Amb^imia hiinimm, ^ 

American (Nine Mile) a ttrin of Cox. 
bwnmH, 494 

Amino add decailMzylase teata, 824 
Amnion, faumaa, cell oilture, 1030 
Amniotic ihiid, bevine. me of in tisiue 
cuton, 1037 \ 



index 


Anmiotic inoculation, 1025 

* 

Amodbiim, 544 et seq. 

Amoabic dyaentery, 544 tt $eo 

obligate, 1, 36 

An«^ic^tu». method, of, 795 

Anaerobiosis, indicator of, 799 
Anaesthesk in animals, 1001 
various animals) 

Analysis of peptone, 735 
Anaphylactic shock, 128 
Anaphylaxis, 128 
serum, 129 

^atomy of ba^rial cell, 16 et tea. 
Anderson 8 medium, 750 ^ 

Andrade’s indicator, 813 
Angle type centrifuge, 864 
Animal inoculadon, separation of mixed 
cultures by, 791 ^ 

Uccnce, 997 
necropsy, 1003 

Animals, bl<^ from, collection of (see 
mdividual animals) ^ 

care of, 997 et seq, 

^onymous mycobacteria, 207 
Anopheli^ mosqmto, malaria trans- 
nutted by, 529 et seq. 

^^om w, anribiotic, tests for, 900 
Anthrax, 293 et seq. 
diagnosis of in domestic animals, 299 
i^umsation of animals against, 300 
laboratory diagnosis of, 2% 
Antlmplulic dermatophytes, 507 
Antibiotic action, combined, tube test to 
measure, 900 
disk test to measure, 901 

^ antagonism, tests for, 

Antibiotics, 890 
. '?? tissue culture, 1030 
Anubomes, colostrum transfer of, 120 

nmbrial, 247 

fluores^^t, staining udtfa, 953 
hetero|duie» 118 
nature Of, 116 
Plscptal transfer of, 120 
PnJductmn of, 116 

a (Stamn aod 24S 




ISO 


nuoresoent dononstration of, 953 at 

f.2^ 

245 

L. 245 
3d 


Awigen, L8, 369 
l^s^tococc. 

I'^^tococod, 150 
115 

T.s^tococcri, ISO 

yi. 116 

Antigenic dametew of bacteria, 51 /*« 
, abo Mriou. epccie.1 

ent^bacteriaoeae, 244 
j^lg^(.ee various orgaamaai 

fla^ikrTl 1? ^ 

K, 245 

f^^tococcal group, ISO 
nansplantatxon, 131 
A^crobial agent., 886 et tea. 

*ensmvityte«8^891«re8. 

nation of m body fluid. 903 
•^tinuclear factor tew, 955 * 
^t^ptic,701«tr«,.;866 
AntiseM,^agglutinating, preparation of, 

preservation of, 918 
^tiserum, haemolytic, 934 
-^ti-staphylolysin test, 142 
Antitoxin, 106 

immunity, 81 
substances, 102 

Aphthoiw stomatitis (acute herpetic 
gingivostomatitis), 385 
Apochromatic objectives, 614 
-^borviruses, 450 et seq, 

Arizona group, 236 
^old steam steriliser, 686 
Arthropod-bome blood infections. 111 
viruses, 450 et seq, 
groups of, 452 
Arthrospores, 505 
Arthus phenomenon, 128, 130 
Ascitic and pleural fluids, use of in tissue 
culture, 1037 

Ascoli’s precipitin test in anthrax, 299 
Ascomycetes, 503 
Ascospores, 503 
Aseptic meningitis, 441 
Coxsackie viruses in, 439 
ECHO viruses in, 436 
Asiatic cholera (see Cholera) 

Aspeigiiloais, 514 
AspergiUm, 513 
flamtSy 513 

514 

«Sg«r, 513 

Assay, microbiological, 879 
Athlete’s foot (see Tinea) 

Atopy, 128 

Attenuation of viruksice, 108 
Aujeszky’s disease (pseudo-rabies), 387 
Auramine O, 632 
Auto-agglutmation» bold, 912 
Autoclave, 686 leg. 
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Autodiive, control* and ttmlkation in>^ 
dicators, 693 

simple aon^jadeetedt 688 
defidendea of, 689 
steam-jacketed, 689 

Autodavmg of aqueous solutions and 
culture mems, 703 

empty bottles and impervious con- 
tainers, 706 

Auto^^immune disease, 131 
Autolysins, 21 

Autolyais of bacteria in preparation of 
cdl-free extracts, 873 
Automatic filler, 726 
process control for stoilisers, 693 
Autopsy on animals, 1003 
Autotrophic bacteria, 34 
Auxotrophic bacteria, 89 
Avian pox viruses, 378 
Azide saline, 859 


. BABcs-EtiNST GBAtmLES (see Volutin 
granules) 

Bdbesiae (Piroplasms), 536 
Badllaceaet 46, 47, 293 et teq. (Bacillus), 
308 et seq, (Clostridium) 

Badllaxy dysentery, 239 et seq, (see also 
Shigella) 

laboratory diagnosis of, 242 
Badlle-Calmette-Gudtn vaccine, 206 
controlled trials oC 597 
Bacilli, classification of, 42 
Gram-negative, 42 
Gram-positive non-sporing, 42 
Gram-positive spore-forming, 42, 293, 
308 


BaeiUus, 66-68 
acidophilus, 162 
odmUolyticus, 162 
ngitt’ (syn. CL welehii type B) 
anthraeis, 293 et seq, 
examination of shaving brushes, 
wool, etc. for, 299 
antkracoides, 302 
6^^, 163 
cereus, 301 
coU (see ^eh, coH) 
mqgatenum, 301 
mesentericus, 301 


myeddes, 301 
of Ducrey, 21 


of Ducrey, 216 

owtoxiem (syn. CL wdchH type D) 
pahtdis (syn. C7. wekhU type C) 
Proteus (see Proteus) 
pyoeyaneus (see Pseudomonas) — 
itearothemophUus, 39, 694 
subtUis, 301 

as p^ucer of penidllinaie, 904 

1 

tcMtmori, 263 

Badtradn sensitivity test for group A 
•tieptococd, 154 
Bacteria, 10 
addeiMitlie, 40 ^ 


anatetnv of,J6 St 

antigenic dbaractm of, 51 (see also 
various spedes) 


Bacteria, autolyaia of, 973 
auxot^hk, 89 
biocheznical reactions, 50 
biological dasaificatton of, 43 et seq, 
cell-free extracta, 873 et seq, 
daaaification of, 41 et seq, 
counting of, 31, 868, 967 
cultivatton of, 19-2$ 
desiccation of, 39, 806 et seq, 
drug resistance in, 891 
extraction of dried cdls, 876 
growth phases, 31 
hdophiue, 40 
higher, 10, 41 

hydrogen-ion concentration, influence 
of, 39 

identification of, 41 et seq, 
testa empl >yed in, 810 et seq, 
isolation in % ure culture, 52 
L-foims, 29 ^ 
light, influent of, 40 
lower, 41 
lysia of, 20 

measurement ^ growth, 870 
mechanical strips, influence of, 40 
meaophilic, 38 

methods of measuring srowth, 870 
moisture, influence of, 39 
morphological study of, 12 d seq, 
morphology of, 7 et seq, 
classification by, 41 et seq, 
osmotic effects, influence of, 40 
pathogenic, invasive mechanisms of, 
104 

photosynthetic, 30 
prototropl^, 89 
psychrophilic, 38 
radiations, influence of, 40 
sensitivity to antimicrobial agents, 891 
et seq, 

sonic stress, influence of, 40 
staining of, 642 et seq, 
temperature, influence of, 38 
thermophilic, 38 
typing of, 51 
vinilence of, 107 
washing of, 866 
Bacterial adaptations, 88 
antigens, 113 
capsules, 17, 21 
staining of, 657 
cell, anatomy of, 16 et seq, 
colonies, 7, 50 
counts, 31 
on urine, $65 
fermentation, 37 
fimbriae, 17, 24 
flai^la, 17, 23 
demmiatnition of, 660 
food poisoning, 991 
genetica, 88 et seq, 
geootypOp 88 

gimm, turbidity eadmation ss s 
meaausnment of, 871 

nation testa, 840 
1 , teats ermdoyed iwi ow et 

seq- 



Bactftnal, mwcxji^ulcs, 17. 21 
moixlsty, 23 
mutation. 88 
eacan^les of, 89 
Indium, 90 
spontaneous, 88 
nuoeua, 17 
demonstration of, 663 
nutrition, 31 et ieq. 
phenotype, 88 
protopls^, 16 
reproduction, 26 
respiration, 36 
slime, extracellular, 17, 21 
spores, 26 

suspension for Widal test, 910 
toxins, 106 (see various bacteria) 
vaccines, preparation of, 717 et sea, ' 
vanation, 88 et seq, 
heritable, 95 
non**heritable, 95 
vitamins, 35 

Bacteric^l action, replica plate method, 
o99 

concentration, 154, 155 
subst^^ M defence mechanisms, 101 
Bactenadin, 124 
Bacteriolysis, 124 
Bacteriophage, 12, 55 
burst-size, 67 
propamtion of, 146 
reproduction of, 64 
routine test dilution of, 147 
specificity of, 67 
structure of, 60 
temperate, 67 
typing of Pseudomonas^ 260 
typing of salmonellae, 223, 225 
typing of staphylocoed, 145 
typing of V. cholerae. 267 
Bacterit^luge life cydea (diagram), 65 

™®**"2!?**® «*«>«. replica plate method, 
899 

concentration, 154, 155 
Bacteroidaeeae, 45, 46, 289 et seq, 
Bacteroidm fragUis, 289 
Balamuth's medium, 774 
Balantidial dysentery, 550 
Balmtidiosis In pigs, 550 
BalantiiUum 550 
BaUotini bea^, 874 
B anrigtm, 245, 249 
Barbies (Veronal) bufibr, 852 
iiamtes tnodaficarion Voges-Proskauer 
^ mactmng 818 
Barto^ ^aeiWomts, SOI 
"ftsic tor Gram*a staining method, 

Basidia, 504 

S04 

BandioqxHtMt 304 
Bath, vacciiM, 710 
etamiog, 14 

■t«in,073 
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Beer’s Law, 866 
Bejel, 349 

Bench centrifuge, 865 

Bicarbonate-CO, buffer, 854 
Bile cdture m enteric fev«rg, 139 
Wtone transport medium, 780 
aolub^ty test, 156, 165 
B^ary fever m dogs, 536 
Bmary fission, 10, 26 
Bmc^ular microscope, 607 
Bioche^cal reactions of bacteria, 50 (see 
^ various species) 

Biological classification of bacteria, 43 et 

false positive reactions, 347 
standardisation and measurement, 877 
et seq. 

Bipolar staining, 14 
Bitter medium, 820 
B ack disease of sheep, 321 
Blackleg of cattle and sheep, 32S 
WMamyces dermatitidis, 524 
Bl^tomycosis, North American, 524 
South American, 525 
Blood agar, 745 
heated, 746 

collection of from animals (see various 
animals) 
for media, 736 
culture, 800 et seq, 
bottle, 802 

Castaneda’s method, 285 
examination of, 803 
in brucellosis, 285 
in enteric fevers, 225 
in leptospirosis, 771 
media for, 801 

films, thick, staining of, 535, 664 
thin, staining of, 534, 6W 
Blue tongue (of sheep), 461 
Boas-Oppler bacillus, 162 
Bodies, elementary, 12, 57 
staining of, 673 
inclusion, 70 
Bollinger bodies, 70 
in fowl*pox, 379 
Bone marrow culture, 139 
Borate-calcium saline, 859 
Borax mediylene Hue, 645 
Bordet-Gengou medium, 766 
B&rdetdla, 217 et seq^ 
brouMsepHca, 220 
culture media for^ 766 
parapertussis, 220 

pertussis, 217 (see also Whooptog- 
cou^) 

laboratory diagnosis of, 218 
Pillemer fraction of, 595 
Boric add-bom buffer, 853 
Bomlx»lm disease, Coxsadde viruses in, 
439 

43, 351 at 
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B^rrdia waenm, 356 
kiemliff 351 
cmttrif 355 
dumni, 354 
novyi^ 355 

recwrmtis {ohemem)^ 353 («ee also 
RdapssM fever) 


theUeri, 356 
tnmena, 352 
Boston few, 436 
Botnromycoaia, 141 
Bottled culture media* 724 
Botdea* milk* examination of> 989 
screw-capped, inoculation of, 793 
maintenance of sterility of, 715 
types of, 723 
Botulim, 336 et seq^f 992 
laboratoi^ diagnosis of, 340 
Bouin’s fluid, 676 

Bovine amniotic fluid, use of in tissue 
culture, 1037 

emb^o extract in tissue culture, 1037 
mastitis, 159 (streptococcal) 

Boyd types of dysentery bacilli, 238 ei teq. 
320 

Brazilian trypanoaomiaaia (see Trypano- 
somiasis) 

Brilliant green bile broth, 782 
MacO^ey agar, 760 
Brill’s disease (see Recrudescent typhus 
fever) 

Bromocresol purple as indicator, 814 
Bromothymol blue as indicator, 814 
Broom’s agglutination test in lepto- 
spirosis, 362 

Broth, bile, Inilliant green, 782 
digest, 741 
glucose, 747 
Hartley’s, 742 
infusion, 740 
malt extract, 771 
meat infusion, 740 
eictract, 741 
nutrient, 740 

peptic blood (Fades’), 737 
^bouraud’s, 768 
saponin, 801 
selenite F, 763 
tetraihionate, 761 
Todd-Hewitt, 749 

Brown rat in Wefl’a diaease, 358 et teq, 
Browne’s steriliser control tubes, 694 
Brownian moveimnt, 24, 627 
Brown’s opacity tub^, 871 
Brmdkt 280 et $e^. 
infections in anunals, 284 el eeq, 
diagnoais of, 287 
media 765 
ring test for nulk, 287, 983 
Bruemm ekeeim in eoVs mtflt, 982 
%odesian type, 288 


Dottm-nast France typt^ 288 
Brmeikieem^A^t 46, 313 m sag., 217 ei 
mn m * VtBedmn 307 
test, 286 

BmcdOoili, W^gtteq. 


Bruceflosia, diagnosis ^ 285 
Bniidiilde Strain of FdUinnrm hommi$t 425 
Bubo, climatic, 480 
Bubonic plague (see Plague) 

Buffer, acetate, 851 
barbitone (Veronal), 582 
bicarbonate-COi, 854 
boric acid-borax, 853 
carlxmate-bicarbonate, 854 
citrate, 850 
citrate-phosphate, 851 
phosphate, 852 
Tria, 853 

Buffer^ salines, 858 
Buffers, 849 et seq, 
preparation of, 849 et seq* 
uses of, 849 et uq. 

Burdon’s staining metbod, 661 
Burke’s modifl^tion of Gram’s method. 

648 r 

Bum infection, Wodes of spread, 110 

Cabinet, deep-»eeze, 805 
protective (seellnoculatipn Hood) 
Cages for animals (see various animals) 
Calf-lymph, glycdp^ted, 373 
Calymmatobacterium gromdomaHs, 292 
Canada balsam, 643 
Candida albicans t 517 
Candida, other species, 518. 

identification of species, 520, 521 
Candidiasis (Moniliasis), 517 d seq. 
avian, 519 
immunology of, 523 
laboratory diagnosis, 520 
Candling of embrybnated egg, 1023 
Cane fever, 365 
Canicola fever, 364 
Canine distemper, 412 
hepatitis, 419 

Canned fo^, bacteriology of, 986 et seq. 
Cap (screw-) loosener, 793 
Capillary pipettes, 792 
CapiUator for pH measurement, 847 
Capsid, 58 
Capsomeres, 59 

Capsule sweUing reaction in pneumo- 
cocci, 166 

Capsules, bacterial, 17, 21 
relationship to virulmce, 105 
staining of, 657 
C antigen of streptococci, ISO 
methods of exmcttng, 159 et seq* 
Carbohydrate metabolism, tests for, 811 
Carbol fudhrin, ZteM-Neelsm’s, strong, 
653 

diliite, 654 

Carbon dioxide, cultivation in an atmos- 
phere of, 799 

influence m Dactertei growdi, 38 
Cifbonale-bkarbonate buffer, 854 
Cardiac punetute of animali (tee various 
animals) 

CardbiUpin antigen, 930 
Cacmelttm, 650 
Carriers, 108-109 
Cescade impaction aampkr, 993 
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Casdifi hydrc^^to^ 7$6 
Caataoeda^ bl<!»od culture methocL 285 
ataiu* 673 
‘^Catftu^ 485 
Cat Scratdi disease, 484 
Catalase test, 827 

Catarrl^i^aundice (see Infective Hepa- 

Catgut, surgical, sterility testing of, 720 
Cattle, East African Coast fever, in 536 
heartwater disease of, 492 
infection Cox, burnetii^ 494 
infectious icterohaemoglobinuria in 
321 ' 


plague, 413 
Red Water fever of, 321 
Cell-free eatracts of bacteria, preparation 
of, 873 et seq. 

Cell membrane, 16 

siu^e^cm wd dilution, fluids for, 857 

demonstration of, 664 
septum, 16 

Cells, tissue culture, maintenance and 
feeding of, 1033 
media for growth of, 1027 
Cellophane method (Rayner’s) of frecae- 
drying, 808 

Cellular immtmity, 113, 126 
Cellulose membrane filters, 698 
Central European Tick-bonse Fever, 458 
Central Sterile Supply in Hospitals, 716 
etieq. 

Centrifugal filter, 700 
method (Greave’a) of freeze-drying. 
806 

Centrifugation aa method of measuring 
bacterial growth, 870 
as method of measuring virus size, 58 
Centrifuges, 863 
methods of use, 865 
types of, 864 

Cephalotponum fakiforme, 515 
Cerebrospinal fluid, findings in diflerent 
tyim of meningitis, 568 
estimation of atreptomycin in, 903 
“spider-jweb” cosgulum in, 202 
Wassermann test on, 936 
Chagas’ diaease, 536, 539 
Chamberland filters, 697 
Chancre, mhilitic, 344 
Chanerdd, 216 
Charcoal gdidn dsakt^ 823 
Charcot-Leyden crystM, 548 
Chela^ agouti 1033 
Chemical sndicatora of sterilitv, 694 
metibodi of sterilisatiofi, 70l al isg. 
Chick embryo OKtract in tissue ciuture, 

Chicken^^aitui, use oi in tissue culture, 

Chicken^ (tee Varicella) 

Chick-hlsittn test (see Ridesl^Wsiker 
test) 

CktlomoiHx 551 
Chlorine, tMutnliietkn oi^ in 
*«mplee, 962 


^ocoUte agar, 766 
Cholera, 264 ttuq. 
e^eniMdogjr of, 266 
labowtory di^oaia of, 267 
p^hylaxia oC 268 
Cholm red eeaerion, 265 
Uiono-j^toic membrane, inbouUtioD 

ChnatenaM’a medium (to detect ureeae 
activity), 826 

Chromatic aberration, 612 
Chromatin body, 17 
Chromoblastomycosis, 516 
Chromosomes, 18, 88 
Citrate buffer, 850 
-phosphate buffer, 851 
utilisation, 829 
Citrobacter, 46, 249, 256 
freundity 256 

Citron bodies, 319, 322, 325, 326 
Classification of bacteria, 41 et sea, 
of sugars, 813 
of v^ses, 83 et seq, 

Claudius’s modification of Gram’s 
method, 651 

Cleaning of pipettes, 862 
solution for glassware, 862 
Climatic bubo, 480 
Cloacoy 249, 258 

cloacaty 259 

Clonal flection, 117, 132 
Clostrtdiumy as organisms of tetanus and 
botulism, 327 et seq. 
bifermentanSy 324 
hotuUmmy 336 et seq, 
chauvoeiy 325 
culture media for, 755 
faUaXy 325 

feseri (see Cl. chauooei) 

W8-gangrene group, 308 et seq, 
haemolyticum (syn, CL oedematiens type 
D), 321 

kistolyticumy 324 
novyi (see CL oedematiens) 
oedematiensy 320 
perfringens (see CL wekhu) 
proteolytic group, 308 
saocharolytic group, 308 
septuuMy 319 
sorddliiy 324 
sporogenesy 324 

table of difibrenttal characters, 338 
terfttifvi, 325 
tetam, 327 et tef, 
ani^ infections with, 336 
laboratory diagnoris of, 330 
wlchHy 311 «t seq. 

Clot culture, 803 
Clubs, actinomycotiG, 303 
Ck>agidase test, 137 
Coed, dassimukui of, 41 
rise of, 7 

Coemdiomes imtmiit, $27 
CkKxidiofdinnyoosis, 527 
COE rims, 422 

*^Cold aggludnatfon^ reacrion, ^12 
C^ cotxtmm, 421 







Cold storage of cuhares, etc.| BCM* 

Cole end Ontlow^s ^creattc extract. 742 
Colidiie^typiiig of jRi. pyoeymta^ 261 
of tmtm^ 241 
Colidoogemc factors, 94 
Coliform badllt in nii&, 978 
in water, 962 at aag. 
count, |>re8umptive, 963 
Collection of sTOctmena for laboratory 
examination, 554 at rag. 

CoUoiHon filters, 698 
Colonies, bacterial, 7, 50 {see also various 
species) 

counting of, 869, 968 
Colony illuminator, 968 
Colorimeter, photoriectric, 866 
turbidity as measured by, 872 
Commensal Gram-negative d4>lococci, 
176 at rag. 
parasites, 2 
Common c(dd, 421 

infective syndromes, laboratory diag- 
nosis of, 554 

Comparator, Lovibond, 845 
Compensating eye-pieces, 616 
Complement, 124 
-fixation, 124 
methods, 926 

test, in gonorrhoea, 175, 938 
in s^hilis, 928 
in virus cfiMsses, 938 at rag. 
preservation of, 931 
titration of, 932 

Complex suspending media, 859 
Composite media for preliminary identifi- 
cation of enterobacteria, 834 
identifying patterns with, 836 
Condenser substage, 616 at rag. 
centration of, 61 7 
dark-ground, 620 
CmdyUmata aeuminata. 471 
Omg^tal syphilis, 344 
toxoplasmosis, 551 
Conidia, 28, 504 
CQnidi<H>hores, 504 

Conjunctival infections, diagnosis of, 572 
Contact dermatitis, 130 
Contagious pustular dermatitia of sheep, 
379 

Container, Universal, 577 
for medium, 723 
Continuous fiow centrifiim, 864 
Contrast enhancement, 6^ 

Controlled trials, 590 at rag. 

B.C.G. and Vole vacctnes, 597 ^ 

exanmies of (prophylactic vaccines), 
594 at rag. 

pertus^ vaccine, 594 
poliOTOUs vaccines, 598 
typhoid vaccines, 599 
Conversion &etors, various* 1039 
lysogenic, 93 

Cooked-meat medium^ 755 
42pm meal agar, 770 
Comeths i&rccpB, 643 
4^ryiPdk«i$maem$t 46, 47 
178 af sag. 


CcrynAaeurkm^mm, 188 
6owt, 189 ^ 

178 at rag. 

agid, 190 
hofifumna, 188 
media for cultivation o^ 749 
mtiriri^anm, 190 
coir, 189 
pyogenet, 190 
rmaltt 1^ 
xarcra, 188 
Cough-plate, 218 

Councilman lesion (in Yellow Fever), 455 
Counti^ bacteria, methods of, 868 at sea, 
in urine, 565 
in water, 967 
Counting Camber, 868 
Counts, Lact<^aciUus, 162 
Cover-slips, cleaning of, 642 
films on, in malaria diagnosis, 534 
in amoebic dysentery, 549 
Cotodria rundn 492 

Cow-pox, 378 

Coxidla hd 493 at rag. (see also Q 
fever) 

Henzerliog stibin of, 494 
Nine Mile strain of, 494 
Coxsadde viruses, 437 at rag. 

CPLM medium, 776 
Craigie tube, 235 

Crockery and cutlery, bacteriological 
examination of, 989 
Cryptococcosis, 516 
laboratory diamosis of, 517 
Cryptoeoeem tut^frmansy 516 
Crystal violet blood agar, 749 
Ciutivation in atmosphm with added 
carbon dioxide, 799 
of bacteria, 788 at seq. 
of cell strains for tissue culture, 1032 
of microorganisms, 722 at rag. 
of viruses, 77, 1023 at rag. 

Culture medium, 722 at rag. 
adjustment of pH, 730 
agar, 733, 743 
Albimi a^, 766 
t^lbaline egg, 758 
Anderson^ 750 
Balamuth*a, 774 
bile peptone tran^rt, 780 
Bitter, 820 
blood agar, 745 
heated, 746 
for blood culture, 801 
Bordetella, for ciilttv«tion 766 
Bordet-Gtmgptt, 766 
brilUant green btle broah, 782 
MacCmikey iigir* 760 
broth, 740 

BmceUd* lor cultivatmii 765 
dboocdete agar* 746 
Chriitansw^ 826 
CSbatridia, lor iha cukivitiiofiof, 755 
oooH^orita* lor fur^batinary identiftca- 
tiott etiMoua^^ 
ooQSainaralbr* 723 
cciokad<.uiaati 755 
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Ci4tareiiieditui^o0mine^ 770 

for cultivittioii of 74o 
C^IM (modified), 776 * 

cryetal violet blood Aflat. 749 
cyanide broth, 832 
CYl-G, 744 

Davit and Minfiioli't, 739 
defined aynthedc, 732 
dehydrated, 739 
desoaycholate agar, 819 
deaoacycholate citrate agar, 760 
Diamond’s, 775 
di^;eat, 741 

Dinger’a modification ofNoguchi’a 774 

Dorset’s era, 754 * 

Downie’s, 751 

Pi^«««i^ation of cultures. 778 
805 * 

Elek’s, 827 (to detect urease activity) 
Ell^*s, 758 ' 

enriitoimt, for typhoid-paratyphoid 
bacilh, 761 

entamoebae, for cultivation of, 774 
enterobacteria, for cultivation of, 759 
eosin methylei^ blue agar, 819 
fluid, disadvantages of, 723 
fungi, for cultivation of, 768 
for preservation of, 778 
gelatin, 764 
nutrient, 822 
glucose agar, 747 
broth, 747 

phosphate (for methyl-red and 
Voges-Proskauer tests), 818 
glyceml monoacetate agar, 747 
saline transport medium, 780 
Hadley’s modification of Ktilp & 
White’s Medium, 752 ^ 

Haemophilus, for cultivation of, 768 
Hartley’s broth, 742 
heated blood agar, 746 
Hiss’s serum-water, 815 
starch, 816 

horse-fiesh digest, 742 
Hoyle’s, 749 

Hynes’s modification of Leifson’s, 760 
identificatson of, 783 
infiisimi broth, 740 
inoculaiian of, 791 ef seq, 
instaruments for, 791 
Jones’s, 775 

KsuiSnumii-Mflller tetrathkmste broth, 
762 

Korthof’s (modified), 771 
Koser’s (modified), 829 
Kuip’s (Haley’s modificadon), 752 
LttctpbpMfilii, m cuhtvitioii of, 752 
Lmhftianiae, for cultivation of, 777 
Levisubal’a, 768 
fitmus miUc, 817 
Lfifitar'i aenim, 751 
I^bury and m/a, 756 
«wenWi4ai.J«Meii, 753 
W;cCon#Key‘«, 759 

>Mit •*«. m 

a*ni«t bi^b, 771 
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Culture^edium, meat infution biotit*; 
milk agar, 747 

Monsur’s, 764 

nutrieftt agar, 743 
broth, 740 
i029 

wgai^ fermentation, 820 
p-ammobenzoic acid in, 747, 801 

pS 

peptone water, 745 
Pike’s (modified), 779 
polymyxin agar, 748 
potato, 216 

preparation of, 723 et teq. 
preservation of cultures, 778. 805 
nee starch agar, 771 
Robertson’s bullock-heart, 755 
Sabomraud’s agar and broth, 768 
salt, for selective cultivation of Staphy- 
lococci, 748 
salt milk agar, 748 
selemte F broth, 763 
semi-solid agar, 743 
serum agar, 746 

serum dextrose agar with added anti- 
biotics, 765 
serum-water, 815 
starch, 816 

Simmons citrate agar, 830 
sloppy agar, 743 
Smith’s, 755 
sochum azide, 782 
solid, 722 et seq, 

spirochaetes, for cultivation of, 771 
staphylococci, for cultivation of, 747 
Stem’s glycerol fuchsin broth, 821 
Stonebx^’s, 754 

storage and distribution of, 723 et sea, 
Strept, pyogenes, for cultivation of, 749 
Stuart’s (modified), 773 
transport for gonococcus, 779 
sugar, 813 et seq. 

supply of blood and serum fb|, 736 et 
teq, 

mthetic, 739 
Teepol lactose agar, 759 
610 phenol red l^th, 974 
tellurite, 749 et seq, 
malt agar, 769 
tetrathionate, 761 
diioglycoHate, 756 
Todd-Hewitt broth, 749 
tomato juice agar, 752 
transport media, 779 
tributyxin agar, 388 
Trichmoms vagmaUs, for cultivation 
of, 776 

Trypanosomes, for culttvatkai of, 777 
tubing of, 726 at sag. 
use of, 7W 
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Culture fiiedten« mte of p«4akuno«benxoic 
lod in» 747, $01, 8^ 
vtdiedes of, 732 
Vibrios, for cukivstion of, 763 
WilHs sod H<^bs% 757 
Wilson and Blair’s, 761 
ytsast extract sfsr, 781 
milk agar, 781 
Zein agar, 770 
Culture, plating out of, 789 
I»ure, isolation of, 52, 78$ 
tissue, apparatus for, 1026 
Cultures, cold storage of, 804 
disposal of, 804 
txuxtd, separmtimi of, 788 
presiurvation of, 805 et seq, 
medium for, 778 
shake, 791 

sloped, inoculation of, 792 
stab, inoculation of, 793 
^anide brodi medium, 832 
CYLG medium, 744 
Cysts, amoebic, iSotation method for 
demonstrating, 548 
Cytoihegaloviruses, 465 
Cytopatmc effect (C.P.E.), 78 
Cytoplasm, 17 

demonstration of, 664 
Cytoplasmic membme, 16, 19 
Gram reaction, 15 

Danysz phenomenon, 883 
Dark-ground illumination, 620 et seq, 
microscope, 620 et seq. 

Davis and Mingiolt’s minimal medium, 
739 

DCA medium (see Desoxycholate citrate 

Death of mowth, 32 
Decline phase of growth, 32 
Decolourising a^ients, 646 (see also 
various sti&ing methods) 
Deep-freese cabinet, 805 
Defence mechanisms, acquired non- 
specific, 104 

ajpinst infection, 101 et seq. 

Defined synthetic media, 739 
Definition, microscopic, 612 
Degassing mediod of fi^e-drying, 808 
Dehydram culture media, 739 
Dehydration of tissue sections, 643 
Delhi Boil (see Tropical sore) 

Delouaing, 490 

Ddta-lystn, Staphylococcal, 140 
Demineralised water, 857 
Dengue fever, 456 et seq. 

Desm cariea, 162 
Deoxyribonuclease, test for, 839 
Deoxyviruses, 58 
jD^^ilatmg powder, 1011 
Demacmtot anderstmi, 459, 491 
mangmatsu, 459 
p»^,4$9 

Dermatitis, contact 130 
oontagiooa pustular of aheap, 379 
Dcxmatophytm (Ringworm fungi), 304 
antbnqmpliilfc species, 507 


Dermatoidxy^, ^mqplillic 507 

Desiccatum, infiuenceicm bacteria, 39 
Desnu^hu rutsmdiis etanitar, 468 
Desoxycholate aswr* 819 
citrate erar, 7^ 

Diagram of embryonated egg, 1024 
DiaJister, 289 
Diamond’s medium, 775 
Disrrhoea, ECHO viruses as cause of, 435 
Dichromate-sulphuric acid cleaning solu- 
tion, 862 
Dick test, 152 
Dientamoeha/ragilis, 550 
Diffusion tests of sensitivity, 892 
Digest media, 741 
Diluent, veronal-NaCl, 859 
Dilute carboi fuchsin, 645 
Dilution and ausf ision of cells, fluids 
for, 857 r 

Dilutions, doubung, of serum, 908 
Dinger’s medium (modified Noguchi), 
774 \ 

Diphtheria, 178 « rag 
antitoxin, 182 \ 
bacillus, 178 et^eq 
laboratory dia^osis, 184 
media for cultivation of, 749 
recognition of colonies on Hoyle's 
medium, 186 
toxigenicity test, 181 
epidexmology of, 182 
immunisation against, 187 
prophylaxis of, 187 
toxin, 180 et seq. 
toxoid, 180, 18/ 

Diphtheroid bacilli, it 88 et seq. 

colonies on Hoyle’s medium, 186 
DiplobactUus of Morax, 216 
DiplococeuSt 41 
fmeusnomae, 165 et seq. 

Diseases of experimental animals (see 
various animals) 

Disinfectants, 886 et seq. (see sterilisation 
by chemicals) 

Rideal-Walker test for, 887 
testing of, 887 
Disinfection, 701 et seq. 
by ediylene oxide, 703 
of bedclothes, 713 
of rooms, 712 
of skin, 713 

Disintegrator, Mickle, 874 
ultrasonic, 875 

Disk diffusion technique of sensitivity 
testing, 894 et seq, 
quantitative interpretation of, 895 
Dim test to measure combined antibiotic 
action, 901 

Disks, filter-paper, colouring of, 897 
Di^HMsl of wturea, 804 
Distemper, canine, 412 
DiatUled watar, 857 

Dobell’s method for ttaiitkig amod^ae, 
671 

Documentation of specttneita in hhora- 
tory, 581 

Doderldn^s bacillus* 162 
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D08»t fcv«t m, 536 

n»thod alt meamiring mgents, 

DoMoauia gramdamati$, 292 

Donet’s tga medium, 754 
Doutinei $41 
Downw*B medium, 751 
DPX mauntmg m^um, 644 
Draughtttmm colony, 165 
Dreyer’i agehitiiiation tubes, 968 
Droplet-nudei, 110 
Droplets, large and small, 110 
Dropping pipette, 792, 910 
Drug allergy, 130 
resistance, variation, 96 et sea 
in bacteria, 891 
Drum-stick bacillus, 327 

Dry meth^ of measuring bac 

tenal ^owth, 871 ® 

Ducrey’s bacillus, 216 
“Dumb” rabies, 468 
Duration of immunity, 592 
Durham fermentation tube, 50, 814 
Dust, environmental, bacteriological ex- 
anunation of, 994 ^ 

•borne infection, 110 
Dye-srasi^ty teste for Bruedh species 

Dyes for colouring sensitivity disks 897 

Dysentery, amoebic, 544 et sea. 
flotation method for cysts, 548 




(see various 


Earle’s solution, 1028 

East ^can Coast fever in cattle, 536 

Eatons ag^t (see MyeopUmut pneu- 

ffMPtUUi} 

ECBO viruses, 436 
ECHO viruses, 433 et sea, 

ECMO viruses, 436 ^ 

ECSO viruses, 436 
Ecztmn herpeticum, 377, 385 
vaccinatum, 377 
Egg. candUng of, 1023 

cultivation of viruses in, 
1023 ’ 

diagram of, 1024 
saline medium, 778 
Ekrltehm, 48 

• m ^ taw far tarigenicity of C. 

J^ktkarkta, 182 

medium (to urease activity), 827 

Elemen^ 12, 57 (see also 

. Vmiaes) 

8 teiiung (^673 

bmbeiW^ «£ 574 ^ 

^docardi^ aubaoite bacterial, 157 

tnoteribl, 26 


typhoid- 


EnrichS^r“^n„j^, TOT 
Pfigkialu, 550 

dtstar) SSO 

*wtoivtirii,544et^^’ 

”***“ for, 774 

Enteric fevem. 221 «;4 

?f. 225 « seq. 

wlture media for,^ ’^^ 

EnS^^^*5>r.780 


Pa^gemc strains of 

Enteroviruses, 424 at . 

Ca^eviru8m,437ets«5. 

^SO«.tn®es,433 erse}. 

nt.oO vmises, 436 

‘♦24 et seq. 

“Mwotic abortion m ewes, 4^ 
hepatitis (see Rift Valley feverl 
Enzyme repression, 95 ' 

^ymic inductions, 95 

S!659 ' «*P- 

methylene blue agar, 819 
^Pfryr^osroon coccoides, 448 
ivpidemic keratocoxyunctivitis, 418 
pteurodynia, Coxsackie viruses in 439 
fPjdenuology, 4 (see various 
EpidemopkytoHfloecosum, 507 ' 

Episomcs, transfer of, 94 
Eppinger's streptothrix, 306 
Eretma^tes species in Rife VaUey fever, 

Erysipelas, 151 
swine, 191 
Erysipeloid, 192 
Erysipehtkrix, 191 
rhusiapathuse, 191 
mmseptka, 192 
Erythrasma, 513 
Ery^blastosis foetalis, 131 
Erythrocyte sensitisation test in leoto* 
spirosis, 363 

Erythrocytic phase in malaria, S29 et seq. 
Erythrogenic toxin, 151 
Escherichia^ 249 et seq. 
antigens of, 249 
coUq 249 
freundUq 256 

ga8tro«*enteritis oaused by, 250 
in urinaiy tract infections, 250 
Esiipndja, 543 t 

Estimation of total nitrogen, measure- 
ment of growth by, 871 
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E^l hydrpevqEMWi hy^xachtoride (isee 
C^tocbiii} 

Ethylene oxide «» disiii£^ctftiit> 703 
&meKimaks^44 
Bmnyei^, 503 ei 
Etiropean reh^>aing fever^ 353 
tyi^ue fever (Classical) (see typhus 
fever) 

Evolution, nutritkmal, 35 
Exaltation of virulence, 108 
Examination of blood culture, 803 
Exanthema, vesicular, 474 
ExflagellatiQn of micro«|ametoq^, 533 
£xo*eirythrocytic phase in malaria, 530 et 
seq. 

Exogenous infection, 3, 109 
Exospores, 28 

Exotoxins, bacterial, 106 (see various 
bamria) 

Exponential phase of growth, 31 
Eiqiosure to sound waves in preparation 
of cell-free extracts, 875 
Extraction of dried cells in preparation of 
cell-free extracts, 874 
Eye-pieces, 615 ef seq. 
screw micrometer, 628 

Facultative anaerobes, 36 
Faeces, collection of, 226 
fluid for preservation of pafliogens in, 
226 

micro-examination of, 547 (in amoebic 
dysentery) 

Farcy, 261 
bovine, 306 

Far East Russian encephalitis, 459 
Farmer’s lu^, 515 
precipitating antibodies in, 949 
Favus, 507 

Feeding of animals (see various animals) 
Feline pneumonitis, ^5 
Fermentation, bacterial, 37, 811 
tests, 35, 811 et seq* 

Ferrets, care of, etc., 1018 
Fertility factor, 94 
Feulgen test, 18 
Fibrinolysm, 105 
staphylococcal, 139 
str^tococcal, 151 

Fsdld’a stain for malaria parasites, 668 
Fi^vre boutonneuse, 487, 491 
Fildea* tgar, 746 
pqptic digest of blood, 737 
Piuer, automatic, 726 
Ftliii, making of; 642 _ 

atdbinai: ol, 643 "" 

Filter, c^ukiae membrteiet 698 
Filter, centrifugal, 700 
Mandte, 697 

p^per dt^ for sensitivity tests, 894 
ooburing of, 897 
Filters, 697 et seq. 

o(^k>dio%d98 

^ id! dm 
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Filtratton« ateriHiatioii by, 696 et seq. 

technique of, 699 effag. 

Fimbriae, bactexiri, 17, 24 
baexnaggiutiiiation test for, 840 
Fimbrial antigens, 24$ 
as cause of diagnostic error,' 246 
Fission, binary, 10, 26 
Fixation of bacteria for riectronmicro- 
Bcopy, 638 
tissues, 674 et seq. 

Fixatives, 675 et seq. 
glutaralddiiyde, 639 
Kelienbemr’s method, 638 
Palade’s, 639 
Flagella, 17, 23 
staiiung of, 660 
Flagellar antigens, 115 
Fleming’s nigrosin method, 645 
Flemming’s fluid, 677 
Flexner type o£ dysentery bacilli, 238 et 
seq, \ 

Flocculation tern, 123 
for syphilis, Su2 et seq. 

Flotation metlbd for demonstrating 
amoebic cym, 548 
Fluid medium, disadvantages of, 723 
inoculation of, 793 

Fluids for cell suspension and dilution, 
857 

Fluorescein isothioc^snate, conjugation of 
antiserum with, 954 
Fluorescence microscopy, 631 
examination for tubercle bacilli by, 202 
Fluorescent antibody, staining with, 953 
labels to demonstrate antigen-antibody 
reactions, 453 et seq. 
treponemal antibody test, 349 
Fluorescin production by Ps. pyocyanea, 
260 

Fluorite lenses, 614 
Fluorochrome dyes, staining with, 632 
Fomites, 110 

Fontana’s staining method, 669 
Food-borne infection, ill 
Food Poisoning, bacterial, 991 
Cl. toriekn, as a cause of, 317 
investigation of, 992 
due to CT. hetuHmmt 336 
due to Cl. todehii^ 317 
due to salmonella, 231 
due to staphylococci, 992 
examination of foodstuff in, 991 
infection type, 231 
investigation of outbreaks, 991 
due to Cl. wekMf 317 
due to salmonella, 233 
nim-8pecif» oontamioatioii in, 991 
•aimcmlla, 231 et seq. 
diagnosis of, 233 
epidemiology of, 231 
prophylaxia of, 233 
^ilm of, 986 

FootHsnd**jMbuth lilaeteiei 472 ^ stq* 
Foot^rot of sheep, 290 
Forage jKkisoning of boteei, 340 
Forest Yaws, 543 
Formaldriiyde as diamfisctiiit, 702 
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702, 712 

Fornuttxitde m of extracting group- 

spectjBbc antigen, 160 
Formolned bacterid auapenaions, 910 
Formvaif east, 637 
Fofweman antibody, 118 
in Paul*BunneU teat, 913 
Fort Bragg fever, 365 
Fowl peat, 406 

Fowl («^ Myxovirus pestis-^ 

Fowl-pox virus, 378 
Fowls, care of, etc., 1019 
Fractionation, molecular, 876 
of bacterid components, methods for 
875, et seq* 
structurd, 875 
Framboesia (see Yaws) 

Freeae-dtying, 39, 806 
Degassing method, 808 
CrTMve’s centrifiigd method of, 806 
in vacuo, preservation of cultures and 
sera by, 39, 806 

Rayner’s c^ophane method of, 808 
suspending media for, 809 
Freezing and thawing in preparation of 
cell-free extracts, 875 
Frei test, 481 

Friedlander’s bacillus, 258 
FTA 200 test, 956 
Fuchsin, basic, 647 
carbol, 653 
dilute carbol, 645 

Fuller’s method of extracting group- 
specific antigen, 160 
Fungi, colonies, morphology of, 503 
culture media for, 768 
dimoiphic, deep infections caused by, 
523 et rag. 

filamentous, siuierfidd infections 
caused b^, 505 

deep infections caused by, 514 
imperfecti, 504 

in tissue sections, staining of, 662 
media for, 768 
mould forms, 503 
preservation medium, 778 
slide culture (Rukleirs) method for, 
513 

staining of, 672 
systematic classification of, 504 
yeast fcurms, 503 el leg. 

Funnel sic^, 620 
'Furious*’ mUk 468 
•Faftformit mmpkom, 290 

289. 352 

14$ 

CuoeloojrtM, makci*. 932 et 
309 M Mff. 


fboaMliMmr 323 


m% 

orgaaisnis incdtniiiMed 

pR^hylajcw of, 323 
Gastric lavage in tubercidods, 204 
mucin, inflimce aa pathogeakatjr of 
mmffgitidu. ifl ' 

O^^teritis dnetoiEteA«*:«««>6‘,250 
la^tary diagnom, 251 
Gel diSuBion, 123 
teat for Ditrfwheria toxin, 949 
Gelatin agar, 764 
nutrient, 822 
limefaction, 822 
Kohn’s method, 823 
Oel-prMipitm teat for toxigenicity of C. 
dtphtheriae, 182 

Generalised cytomegalic inclusion disease, 
465 

Generalised vaccinia, 376 
Genes, 88 

Genetics, bacterial, 88 et sea, 

Gemtal herpes, 385 
tract infections, diagnosis of, 571 
Genotype, bacterial, 88 
German measles (see Rubella) 

Gey*s solution, 1028 
Giardia intestinalis, 551 
Giemsa’s stain, 666 
Adachi’s modification of. 667 
Gingivitis, 352, 550 
Glanders, 261 

Glandular fever (infectious mononu- 
cleosis), 447 

Glass beads, shaking with, in preparation 
of cell-free extracts, 8/4 
Glassware, cleaning solution for, 862 
preparation and cleansing of, 260 at seq. 
for biochemical work, 861 
tissue culture, 861 
Giossina morntans, 538 
paUidipes, 538 
palpaUs, 538 
tachinoides, 538 
Gluconate test, 831 
Glucose agar medimn, 747 
broth, 747 

phosphate medium, 818 
Glutaraldehyde fixatkm, 639 
Glycerol monoacetate 1 ^, 747 
saline transport medium, 780 ^ 

Goats, heartwater disease 492 
infection with Comeila bui^tu, 494 
Gonococcus (see Neisseria gonorrhoeae} 
Gonorrhoea, 173 et ioq* 
complem^t-fixation test in» 175, 938 
Grado<ral membranes (collodi^), 6^ 
Graft reactions, 131 
Oram’s iodine, 650 
staining mediod, 14, 646 
Burlm’s modification of, 64S 
Claudius’s modificaidon of, 651 
Jensen’s modi&arion of, 649 
Kimelofi Be Beeiman’s modi^ariop 
of, 646 

mechanism of» IS , 

Preston Be Morrdl’s modmcc<»on of^ 
651 





Gcamwt iodine^ Wetgeit^« 

modification of, 650 
Gramilet, bacteriai m^itabn, 17, 1$ 
Ckanuloma venmum, 292 
Greavo’s centrifiiial mothod of &eeae- 
drying, 806 

Grotg teat iok Jbaamcdyait by V* chderaef 
265 

Griffith’s types of st^tooocd, 149 
Grinding mth abrasive in pr^aradon of 
cetUfiree extracts, 874 
Growth factors, 35 
of bacteria, measurement of, 870 
phases of bacteria, 31 
Guamieri bodies, 70 
Guinea**pigs, care of, etc., 1009 
Gummata, 344 
Gutstein’s stain, 673 

Hadley’s medium (modified from 
Kulp’s), 752 
Haemagglutination, 122 
* by viruses, 73, 370, 394 
fimbrial, 25, 840 
inhibition tests in infiuenxa, 943 
test, Middlebrook and Dubos, 205 
use of plastic plates in, 945 
Haemagglutinin, soluble, test for, 840 
Haemapf^aUs ipifdgtra, 459 
Haematin, 96 
Haemobartmdla mum, 501 
Haemoglobm solution (for Korthof’s 
medium), 772 
Haemolystns, 106 
staphylococcal, 139 
streptococcal, 151 
Haemolyns, 125 
Haemolytic antiserum, 125 
disease of the newborn, 131 
system, 125, 933 
HaemapMlut, 213 et teq, 
a^g^Hus, 215 

cams haemoglobinophilui, 214 
oilture medium for, 768 
ducreyi, 216 
haemofyHcus, 214 
hdluefusae, 213 e$ seq. 

laboratory diagnosia, 215 
para4fdbien»a, 214 
mu, 214 

vaginaHt, non-specific ureffintis due to, 
176 

Haemospandia, 530 
Hiffikme's vaccine, 275 
249, 259 

HaJbetataedter-FrowEsek bodies, 482 
Hak^hilic bacteria, 40 
Hamsters, care etc*, 1017 

’’Hand, foot and mouth” disease, 439 
Bmd^ spread of mfsctkm, 111 
Hangbg<4rop ps^mstkmi, 626 
Hanlcs’ sohitiofi; 1027 
H anidginti, 66 
Haptens, 114 * 

and anaiiMaetfe aboc^ 129 
Hard pad dismse, 413 
Hartley’s broth, 74A 


Harvest stdmess (Aldin|mi), 364 
Haverhill fsver, 291 
Hesf tent. 2^)0 
Healthy carriers, 108 
Hesftwater dtsease, 492 
Heated tdood agar, 746 
HeLa cells, 1032 

Henzeriing strain of Coe. bumem, 494 
Hepatitis, enzootic (see Rift Vall^ fever) 
infectiouB canine, 419 
viral, 443 et seq. 
canine, 419 
ducklings, 448 
mouse, 448 

Heritable varktion in bacteria, 88 et seq. 
Herpangina, Goxsackie viruses in, 439 
Herpes simplex, 382 et seq. 

laboratory dii^nosis of, 386 
Herpes viruses, »4, 382 ef seq. 
Herpesvirus simime (Virus B), 387 
suis (Pseudorabies virus), 387 
Herpetic keratoc^idunctivitis, 385 
litis, 385 

Heterophile antib^ies, 118 
in Paul-Bunnell\te8t, 913 
Heterotrophic bacteria, 10, 35 
Higher bacteria, 10, 41 
High pre-vacuum sterilisers, 693 
-speed centrifuge, 864 
Hikojima type of V. cholerae, 265 
Hippolaies pedUpes, 350 
Hiss’s serum-water medium, 815 
starch medium, 816 
Histoplasma ce^sulatum, 525 
Histoplasmosis, 525 
Hjarre’s disease, 250 
Hofmann’s bacillus, 188 
Hormodertdrum cwnpactum, 516 
pedrosoi, 516 

Horses, forage poisoning of, 340 
Hospital gangrene, 1 
central stenle supply in, 716 
Hot-air oven, 683 
Hotchkiss’s stain, 662 
Hoyle’s medium, 749 
appearance of C. diphtheriae colonies 
on, 186 

diphffieroid baciili on, 186 
Hugheys press in preparation of cell-free 
extracts, 874 
Humoral immiinity, 113 
Huygens eye-pkeet, 615 
Hyalutonidase, 104 
staphylococml, 139 
str^tococcal, 151 
test ffir, 839 

Hydrogen-ion coficentrtrion» infiuence on 
bacteria* 39 

sulphide productum test, 824 

•ti^iy, 7^ 

Hydr^nbbti, 466 et sag. 

Hyfio superodli 976 
Hypersemtivlty, 127 et eeg# 
in dermatotnyeoses, 506 
Hyphae, 9 
ooenocytic, 9 

Hypogammaglobalmaemia* 127 
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Idmttii»tion of baclena, 41 et seq, 
cultim media, 783 
Identtfybig patterns 
media, 836 
Illummatkin, dark-ground, 620 et sea 
Immune antibody, 116 
responae,^ 592 

Immuniaatton (see Immunity and various 
diseases) 

prophylactic, 590 et seq, (see also 
various diseases) 
rationale of, 590 

controlled held and laboratory studies 
593 

haaards of, 600 at seq, 
sch^ules for, 601 et seq. 

Immunity, acquired, 113 at seq. 
active, 118 (see various diseases) 
antivirid, 81 
cellular, 113, 126 
duration of, 592 
natural, 100 al seq. 
passive, 120 
reactions, 121 
specificity of, 117 
Immunodifiusion, 946 
Immuno*electrophoresis, 947 
fluorescence, 631 

Immunological and serological methods, 
906 

Impetigo, 141 

Impression preparations, 14 
staining of, 663 
Inaba type of V. chelae, 265 
Inclusion bodies, 70 
staining of, 672 
coi:junctivit», 483 
granules, 17, 18 
Incubation, 794 
Index, neutralisation, 945 
India ink method of demonstrating cap- 
sules, 658 

Indian Reliming fever, 355 
Indicator of ana^robiosis, 799 
Indicators, chemical, of sterilisation, 694 
of pH, 813,844 
spo^ of sterilisatiofi, 694 
sterilisatton and autodave controls, 693 
Indole producttofi, test for, 826 
test papen, 835 

Indued r WB of bacteria in preparation of 
^^-feee extracts, 873 
Inducrions, eiu^ymaric, 95 
Infantile pavdysia (see PoHomyeUtts) 
Infection, 100 
an^, 130 

demtee onodwtiina*, 101 «t stq. 
andoomwn, 3, 109 

engmoiu, 3 109 
ubMMoiy, 111 
inote of ^ewnd, 109 
*M*«»W9e tti, 100 
108 

*<ue«iotMi MniM bmUda, 419 
actnwMfb of 10100,378 


u^atwincoede, 


321 

laryngo-tracheitis, 391 
mononucleosis, 447 
JPaul-BonneUte8tm.912 

Infectiw^hepatitw (wtorriud joundice), 

Influenza, 393 ei seq, 
complemen^fixation tests in, 940 

tests, 943 

*^<»cfions, diagnosis of. 576 
Infra-red radiation, 683 
Infusion broth, 740 
Inoculation hood. 112, 794 
of allantois, 1024 
of an^otic cavity, 1025 
of aninuls (see various animals) 
of chorio-allantoic membrane, 1023 
of culture media, 791 
of tubes, 793 
of yolk-sac, 1025 
Inspissator, 732 

Instr^ents for inoculation of media, 791 
Interierence by viruses, 74 
microscope, 631 
Interferon, 75 

Intestinal infections, acute, diagnosis of, 
560 

flagellates, 550 
staining of, 671 
protozoa, 544 et seq. 

Intracellular granules, 18 
lipid, 19 

Intracytoplasmic inclusion bodies, 70 
Intranuclear inclusion bodies, 71 
Intraperitoneal inoculation o£ animals 
(see various animah) 

Intravenous inoculation of animulff ($ee 
various animals) 

Inulin fermentation, 165 
Invasive mechanisms of pathogenic bac- 
teria, 104 
Involution, 28 
lodamoeha buUchiii, 550 
Iodine solutions for Gram’s method, 647, 
649, 650 

Iron haematoxylixi, 671 

Isolation of bacteria in pure cidture, 52, 

788 

Italian (Henzerling) strain of Corirife 
burnetii, 494 
Ixodes persukatm, 459 
ridnm in transmission of Louping III, 
458 

in transmission of Russian spring- 
summer encephalitis, 459 
Ixodidae family of t&is, 491, 494 

Jar, anaerobic, 36, 7% 

Jelly test, 200 ’ 

Jensen’s modification of Gram’s methodi 
649 

JH virus, 436 ^ 

Johne’s disease, badlliis of, 210 
medium for, 755 
Johnin, 211 
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medium^ 775 
Jungle yellow fever, 455 

Kahn fiocculation test, 347, ^ 
venficatum test* 935 

Kala Azar, 541-543 (see also Ldsimmnia) 
diagnoais of, S42 ' 

K antigena, 245, 249 
Kaposi’s disease (variodliform eruption), 
377, 385 

Karber’a method ^r LD50, 881 
Kaidhnaim-MMer tetracthionate broth, 
762 

KCN test, 832 

Kellenbei^’s method for fixation of 
microorganisms, 638 
Keiion, 507 

Kidney, monkey, cell culture, 1031 
Killed vaccines, 120 
Kipp’s apparatus, 798 
Klmsidkft 46 
iierogeneit 257 
asaenoe, 258 
pnmmoniae^ 258 
rhinosderomatis^ 258 
serologic relationship with Don, gromu^ 
lomatist 292 

Koch phenomenon, 130, 199 
steam steriliser, 686 
-Wee^ bacillus, 213, 215 
Kdhler method of illumination, 619 
Kolmer’s mediod for Wasaermann test, 
936 

Kopific’s spots, 408 
Korthof’s medium (modified), 771 
Koser’s medium, 829 
Kovacs* reagent, 826 
Kraft paper, 707 
Kiebs-Ringer solutions, 860 
Kulp’s m^um (modified by Hadley), 
752 

Kyasanur Forest fever, 459 
Lab-I^oo, 736 

Laboratory diagnoais of common infective 
s^drorm, 554 et uq, 
infection, 111 
Lactenin, 101 

Lactohac i Uae e a O f 46, 47, 161 
LactobaeiUui, 18, 161 
aeidaphUm, 162 
bifiduSi, 163 

162 

culture media for, 752 
Lactbbactllua counts, 162 ^ 

Lactophenol blue stain for fUngi, 672 
Lag pnaae of growth, 31 
Lmb dymte^, 318 
Lomftfbo nifsfriMtr, SSI 
Lamstdkte, 340 

Laiice&|d’a groins of stfs^^tocoed, 149, 

Laneafi^’s mediod of extracting group- 
speeifie anrigen, 159 
Limamg stsafo of Fmimrm AmMt, 42f 
Latitigem24S.249 
Laiyngeal awab in tuberculosik, 204 


Latex fixation test for {Uteumstoid factor, 
921 

X4iyboum’s modificatton of Albert’a stain. 
655 

LD50, 879 

Lead acetate papers, 835 
L£ ceU test, 957 
Ledthinsse, teats for, 837 
Ledthinases, 314, 322 
Leifaon’a method for staining fiagella, 660 
Leiahman’s stain, 664 
Lokkmama brattiUmmSt 543 
Leisknumia danovtmi, 541 (see also Kala- 
azar) 

culture medium for, 777 
tropicCi 543 
Lens, fluorite, 614 
paper, 625 

Li^ strain of ^oliootrtir hominis, 425 
Leprosy, 209 
bacilli, 209 
staining of,^55 
laboratory diamoais of, 210 
Leptoipitay 43, 3^8 et teq, 
australis^ 365 
autumnalitt 364 
ballum, 365 
bataviae, 365 
bijlem^ 358 
canicola, 364 
pippot^houiy 365 
hdbaomadisy 364 
icterohaemorrhagiaey 364 
media for, 771 
pomomy 365 
M^roe, 365 
»mom, 365 
Lepus nirepstir, 379 
L^al toxin, staphylococcal, 139 
Leucoddins, 104, 106 
staphylococcal, 139 
streptococcal, 151 
Leucolysin, staphylococcal, 139 
Levaditi’s staining method, 670 
Levinthal’a medium, 768 
L-£orma, 29 

rdattonahip to PPLO, 500 
Streptobaattus mm!ifotmi$y 291 
Licence for animal experiments, 997 
Li|pht-filters in microscqpv, 619 
infiuence on bacteria, 40 
microscope, 60$ sf seq, 

Limbemeck, 340 
Lipase, tests for, 388 
Lipid granules, 17, 19 
intraceliular, staining 661 
staining of, 661 
-vintaes, 58 
•liquoid", 801 

Lisser Institute mediod of preparing 
vicciiie lymidi, 373 
Lkuna, 191 
monoeyuiipmmi 192 
isduirion in mlsctkHJs 

litehfidd «Ml WiluMniiV stMliod to 

LDS0.m 
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Litmus mEk, 817 
sduttoi l^hotie> 817 
hivet lolEe in BUk^ disesse, 321 
Living attenuated vaccmea, 120 
Load uunperatum* thermocouple 
meaaucemmt o£» 694 
Lobar pneumonia, 165 et teq> 

Locke's solution, 860 
Lo<^avr, 327 
Lo^treU&t 261 et $eq. 
mallei, 261 
pseudamaUei, 263 
Ldffier's serum medivun, 751 
methylene blue, 645 
Logarithmic phase of growth, 31 
Long str^ht wire, 7n 
Loop, wire, 791 
Louping 111, 458 
Lovibond comparator, 845 
Lowbury and Lilly’s medium, 756 
LOwenstein-Jensen medium, 753 
Lower bacteria, 41 
LS antigen, 369 
Lugol’s iodine, 649 
Lymph vaccine, preparation of, 373 
vaccination mth, 372 
complications of, 376 
Lymphocytic chorio^meningitis, 464 
Lymphogranuloma inguinale (see Lym- 
phogranuloma venereum) 
venereum, 480 
Lyophilisation, 39, 806 
Lysin, si^hylococcal, 140 
Lysogenic conversion, 93 
Lysozyme, 102 


MACCHiAvmxo'a method for staining 
jRkkettsiae^ 674 

MacConkey’s bile sah medium, 759 
for water examination, 781 
McCrady*s |irobability tables, 964 
McFadyean’s reaction, 294 
MclntcNdi and Fildea* anaerobic jar, 36, 
796 

simple fyrm of, 797 
McL^^a medium, 229 
M antigen of strepteoocci, 150 
Macromedia, Slu 
Macn>«gaittetocyte, 532 
Mad itdi, 387 
Madura foot, 307, SIS 
MadurOia fi^eetami, 515 
SIS 

Madutomycosk, 515 

MagaeititeDi gfoenudeate in reladon to 

\aixwBa fvMviinit 

Magnificatiaa, 608 M wy. 

Mahoofqr Mtain of J^olHKimw Aommu, 425 
M w en , m oomiilecftoia, 655 
•(dudonlbr L| tBMdbmi, 7S3 

529, 531 


^alaifopsm^^ 535, 664 et 

fag. 


of fimbdai haem- 


Mala^eMpafiiT, S23 
Mai de Cadem, 541 
Malignant malaria, 530 et m, 
pustule, 294 ^ 

^^diagnosis of, 298 
Mallem, 263 

Mdonate utilisation test, 831 
Malt agar medium, 770 
extract broth, 771 
Malta fever, 280 
^ ^diagnosis of, 285 
Mandlcr Mter, 697 
Mannose, inhibition 

agglutination by, 25 
Mann s methyl-blue eosin stain, 672 
Mantoux test, 200 
Margaropus decohratm, 356 
Mastigophera, 536 
M^titis, bovine (streptococcal), 159 
(due to C pyogenes), 190 
Maurer’s dots, 533 

Maxted’s inethod of extracting group- 
‘ specific antigen, 160 
Measles, 408 et seq, 
virus of, 408 

Measurement of virulence, 879 
Meat extract, 736 
extract broths, 741 
infusion broths, 740 

Mechanical barners as defence mechan- 
isms, 101 

stage of microscope, 60S 
stress, influence on bacteria, 40 
tube length, 608 
Mediterranean fever, 487, 491 
Medium (see Culture medium.) 

Medusa head colony, 294 

MEFl strain of PoUfmrus komms, 425 

Melioidosis, 263 

Membrane, chono-allantoic, inoculation 
of, 1023 

cytoplasmic, 16, 19 
in Gram reaction, 3, 9 
filters, in examination of water and 
sewage, 972 
membranes for, 698 
Meningitis, aseptic, 441 
diagnosis of, 566 
due to H. influenzae, 213, 215 , 
lymphocytic chorio-, 464 
pneumococcal, 167 
tuberculous, 197 
Meningococcus (see Nemeria 
gitidis) 

Meicunc-chlodde-lbxmalin sohitibn, 676 
Merozoites, malaria, 530 ei rag. 
Merthiolate, 701 
Mesophthc bacteria, 38 
Mesofomes, 17, 19 _ . 

Metachmmattc granules (see Vdhttin 
granules) 

MetalUc aalta as diainfoct^ttv 701 
Meter for measurement " 

Methyl*-blue eosin atom, 672 

Methylene Wue, LoeflSer’sj 645 
borax, 645 
polydbrome, 645 





Mediylene blue, mc^ien ^ 

2 ! 9 * 4 ' 

xedootioii lor tnilk, 979 
Methyl red lescticuii 817 
violet etain, 847 
Mice, care of, etc., 1012 
Midde diamlimtor, 874 
Mtcro^amphuic bacteria, 37 
Mkrbbial hyperaeuaitivity, 130 
Microbkdogical assay, 879 
Microcapsiues, bwstenai, 17, 21 
iHa^rsceccoreas, 46, 47 
Mkrwoeem, 41 
tefreEsrSfiKf, 145 
fireae, 145 
Micxooonidia, 510 

Micro«-cultare method Ibr fiingt, 513 
MycQ, tuberculosis, 204 
Micro«gametocyte, 532 
Micrometry, 627 «r seq. 

Micron, 7 

Microorgwams, autotrophic, 34 
cultivation of, 722 et seq, 
defiiutton of, 47 
pbotosynthetic, 10 
saprophytic, 8 et seq. 
vinilence of, 107 
Miooscope, binocular, 607 
care of, 624 et seq* 
oentration of condenser, 617 
c(»nponent parts of, 606 
condenser, 616 
centration of, 617 
dark*ground, 620 
dark*gmund, 620 et seq, 
definition, 612 

directions for use of, 623 et seq. 
electnm, 634 et seq. 
eye-pieces, 615 et seq. 
fiuorescence, 631 
fluorite lenses, 614 
high-intensity lamps §or, 618 
fllumination, 617, 619 
dark-ground, 620 ef seq. 
incubate, 13 
lens paper, 625 
light, 605 et seq. 
filters, 619 

magnification, 608 ei seq. 

meaiantcal stage, 605 

monocular, 605 

objectives, 613 et seq. 

plate ctiltitre, 790 

revolving power, 611 

^E>ecifieraon of, for routine work, -617 

use of, 623 et seq. 

warm m^e, 627 

use of m amoebic dysentery, 548 
i»e of in malaiki diagnosis, 535 
bGcroscopy, 605 et seq. 
electron, 634 
pfaase«ccxntn»t, 629 et see. 
marotpmm msdommi, 507 
807 

. , eqstifUtHt, 507 
gypseum, 508 
rneemMsm, 48 




Middklmok and 

rination test. 205 
Miles snd bGsrt^S method, 870 
Milk 1^ medium, 747 
bacteriology standakds fiar, 977 
bacterioy cal tests for, rSriomle of, 979 
bottles, examination ^ 989 
Br. e^&rtus in cow’s, 982 
brucella ring test for, 983 
coliform ba^H in, 978 
estimatton of viable bacteria In, 978 
examination for tubercle bacilti, 982 
examination of, 976 et seq. 

media for, 781 
methylene blue test for, 979 
pasteurised, phosphatase test for, 981 
sampling of. 977 
st^ised, turbidity test for, 982 
tubercle ba^i in, 982 
whey agglulmation test for Br. abortus, 
984 \ 

MINIA,409 ' 

Minimal mediu i of Davis and Mingioli, 
739 

Minimum ]ethal\do8e, 879 
Mixed cultures, y aration of, 788 
Miyagawanella (see Psittacosis) 

M^es of spread of infection, 109 
Moisture, influence on bacteria, 39 
Molecular fractionation, 876 
Moller’s KCN medium, 832 
MoUuscum contagiosum, 377 
Moniliasis (see Candidiasis) 
Monkey-Intra-Nyear Inclusion Agent, 
409 < 

kidney cell culture, 1031 
Monkeys, care of, 1021 
Memsporium apiospemtum, 515 
Monsur’s medium, 764 
Montenegro’s test, 544 
Moraxella, lacunata, 216 
Uqu^aeiens, 217 

Morgan, Morton and Parker’s medium 
(199), 1029 

Morphology of bacteria, 7 et seq. 

classificarion by, 41 et seq. 

Mosquito, anyiotine, malaria trans- 
mitted by, 529 

Motility, microscopic examinstton for, 
626 

semi-solid agar to detect, 833 
Motility, bacterial, 23 
ofspirochaetet, 343 
Moulds, common saprophytic, 504 
Mouse protection test, 884 
Mourii-piece for dptming, 909 
Mudn, cpstric, fomenceeiupadiogemcity 
of N. meaktgkiidii, 171 
Mmar, 516 
Mucoftnycoati, 516 
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Mumps foee'j. 

Murine pneumoidris, 485 
typhus, 487, 491 . 

Muss«^ examination Bister’s method 

for, 985 



Mut«tto«i in bnctafu, 8g «t md 
in viniMc, 80 
Mycelium. ^3 
Mycetoma, 307, SIS 
Mycrfi^ri*, apical, 207 
denmtion of, 194 

of ul^ve leaiona in human aubject, 

saprophytic and commensal. 208 
47, 48, 194 et seq. 
MycehaeUmm^ 194 et seq, ^ 
tmum, 208 
balnei, 207 

cxilture media for, 753 
johstei, 210 
leprae^ 209 
l^aemurium^ 210 

(»ee Myeo. johnei) 

piscium, 209 
smegmatis, 208 
tuberculosis, 194 et seq. 
bovine type, 196 
cultivation of, 202 et seq. 
human type, 194 

^ antimicrobial 

drugs, 901 
var. muriSy 209 
ulcerans, 207 

Mycolic^acid in relation to acid-fastness. 

Mycoplasma agalactiae, 498, 499 
fermentans, 498 
galliftarum, 498 
galUsepHcsm, 499 
hominis, 498 
mycoides, 498 
animal pathogenicity of, 
pneumoniae, 420, 495 
salivarium, 498 

MycoplasmataUs, 11, 45, 48, 495 
Myocarditis, neonatal, Coxsackie viruses 
in, 437 et seq. 

Myrmecia, 471 
Myxomatosis, 379 
Myxoviruecs, 84, 393 seq. 
tnfluesmae. A, B and C, 393 et seq. 
^3?7**^ v»riatkm and immunity to, 

epidc^ology of, 399 
prophylaxis against, 400 
structure 396 
variation of, 398 

(Newcastle disease virus), 

P»a4iMmuaa, 401 et ttq, 

P«nmdu, 403 et M,. 

<Fon4 Plague virus), 406 

Naoana,S40 

N^snaction,3l4,322 
NMmbi shenp «»iKMe. 461 
w^les atminnf aaw% lever vims, 460 
wsaswsiiM|hodnfceBen tt ttatingmbercle 
Iti iwOMdoi^M specimens, 

Natutsl innuaity, 100 et sig. 

3x 


INDEX 


N^baciU,^, 290 
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examining 


^Phylococcal, 139 
^eedle-moi^ method 

Native staining, 14, 64S 
^sin method, 659 

T«ri; ^ necroscopy, ^ 

India ink method, 658^ 

Nepi bodies, 70, 467 
Neisseria, 41, 169 
cat^haUs, 176 
deiinition of, 169 
ftava, 177 
flavescens, 177 
gof^koeae, 169, 172 et seq. 
lal^ratory diagnosis of, 174 
oxidase reaction of, 175 
group, fementation reactions of 176 
memngiHdis, 169 et seq. ' ® 

®ninwl pathogenicity of, 171 

8r^JsTl70®“*^® 

laboratory diagnosis of, 171 
oxidase reaction, 170 
nmcosa, 177 
sicca, 177 

Neisseriaceae, 46, 47 
Neisser’B staining method, 656 
Neonat^ my^ditis, Cowackie viruses 
m, 437 

Nephritis, acute glomerulo-. 152 
prevention of, 156 
Neutralisation, 29 
index, 945 

Neutral red as counterstain, 649 
Newcastle disease virus (see Myxovirus 
multiforme) 

Newton’s rings, 869 
Niacin test, 833 
Nicholau’s stain, 674 
Nigrosin method, Fleming’s, 645 
Nine Mile strain of Cox. burnetii, 494 
Nitrate reduction test, 830 
N.N.N. medium, 777 
Nocardia, 43, 306 
asteroides, 306 
fardmca, 306 
madurae, 307 

Non-spedfic defence mechanisms, 101 
urethritis, 175 

Normal flora as defence mechanisms, 101 
North American blastomycosis, 524 
NP antigen, 369 
Nuclear body, 17 
demonstration of, 663 
Nucleus, bacterial, 17 
demonstration df, 663 
Numerical aperture, 610 
Nutrient agar, 743 
broth, 740 

Nutrition of bacteria, 31 rag. 

Nutrittonal evolution, 35 

OapcTivB adaptor, 621 
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Objectives, achromatic, 613 
apochiomatic, 614 
numerical aperture of, 610 
oil-immersion, 613 
Obligate aerobes, 36 
anaerobes, 36 
O — variation, 399 
Ogawa type of V. chderae, 265 
Oii-smmersion objectives and lenses, 613 
Omsk Haemorrht^c fever, 459 
Oncogenic viruses, 55 
Oocyst, 531, 534 
Ookinete, 531, 534 
Oospore, 504 

Opacity tubes. Brown’s, 871 
Ophthalmia, ^norrhoeal, 174 
C^sonic activity, 125 
index, 126 
Opsonin, 125 
Optical tube leng^, 608 
Optochin sensitivity test, 157, 166 
Oral thrush, 519 (see also Candida) 

Orf, 379 

Organic acid fermentation media, 820 
Orp^otrophic bacteria, 35 
Oriental plague (see Plague) 
sore, 541 

Omithodorus moubata, 354 
Ornithosis (see Psittacosis) 

Oroya fever, 501 

Orskov’s agar-block method, 13, 804 
Osmophilic bacteria, 40 
Osmotic effects, influence on bacteria, 40 
Otomycosis, 513 
Outfit, B.D.H. capillator, 847 
Oxidase test, 170, 175, 260 
methods of, 828 

Oxidation-reduction potentials, 36, 854 

Palade’s fixative, 639 
Pancreatic extract, 742 
Panstrongylus m^tut (Conarkinus megis^ 
tus), 539 

Paper, microscope lens, 625 
Papova viruses, 86 
warts caused by, 471 
Para-aminobenzoic acid, use of in culture 
media, 747, 801 

as inhibitor of sulphonamides, 889 
Para-aminosalicylic acid sensitivity tests, 
901 

Paracoccidiodes hfOsiUenm, 525 
Para-infiuenza viruses, 401 
Parasitic bacteria, 10 
Particle-coated agglutination reactions, 
919 

Passive immunity, 120 
Pa$t€urdlat 272 et seq, 
haamolyUcat 277 
nmdtadda (see P, teptica) 

272 €t ttq, (see also Plague) 
pseudoiuherculom^ 277 
iepticap 276 
tmarmiii, 278 * 

Pasteurisation, 1, 684 
Paihogmc bacteria, invasive mechanisms 
of, 104 


Pathogenic bacteria, fiiiigi, 503 et tea, 
parasites, 2 

Patients as sources of infection, 108 
Paul-BunneH reaction, 912 
Paul’s test, 368 

Pediculm hunuxnm var capitk^ 490 (typhus 
fever) 

var corportf, 354 (relapsing fever), 49o 
(typhus fever) 

Penicillin, hypersensitivity to, polio- 
vaccine and, 501 
Penicillinase, production of, 904 
in blood culture medium, 801 
Penicillin streptomycin blo^ agar, 769 
PetdctlUum notatum, 504 
Peptic blood broth (Fildes’) medium, 746 
Peptone, 735 
water 745 

Peptostreptoci putridus 158 
Periodic acid iff method, 662 
Peritrichous fli lla, 23 
Pemasal swabs, Tpreparation of, 579 
use of in diamosis of whooping-cough, 
219 \ 

Personal precautions in bacteriological 
work, 788' 

Petri dish, 725 

maintenance of sterility of, 715 
Petroff’s method (modified) for concen- 
trating tubercle bacilli in patho- 
logical ^ecimens, 203 
Pfeiffer’s reaction, 124 
pH adjustment in culture medium, 730, 846 
in microbiology, 842 et seq» 
measurement, chpillator method of, 847 
comparator method of, 845 
meter for, 848 
Phage (see Bacteriophi^e) 

-mediated transduction, 92 
Phagocytic index, 126 
Phagocytin, 103 
Phagoc)m>8is, 103 
Pharyngoconjunctival fever, 418 
Phase-contrast microscope, 630 et seq. 
microscopy, 629 
variation, fimbriae, 25 
fiagellar antigens, 235 
Phases of growth, 31 
Phenol coefficient, 889 
group, antiseptics of the, 701 
red as indicator, 814 
for Hanks’ solution, 1027 
Phenotype, bacterial, 88 
Phenylalantne deaminase test, 825, 832 
Phenylpyruvic acid reaction, 253 
Phltmtomm eahtMetmm^ 5()1 
papatani, 459 
vtftuwiein, 501 

Phosphatase test for pasteurised milk, 981 
for staphylococci, 138 
Phosphate bufifer^ 852 
bunered saline, $58 
Phosphotungstate staming, 640 
Photoelectrtc oolorimeier, 866 
use of in measuritig turbidity^ 
speemmhotometer, 866 
use of m measurtng turmoity, oii 
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PA^mDwMm, 504 
Phjniokqfiad Mline, 858 
Phyriotogjr of bacteria. 31 et teg. 
Piooma viniies, B6, 424 ^ 

Piedt®, 5t3 
JHedraia horUd, Si3 
Pip, balantidio9is in, 550 
Pife'a iBMliiiin (modified), 779 

Memw fraction otBord. pertunU S9S 
Pinta, 350 

Pipettes capillary, 792 
cleaning o£, 862 
dropping, 792 

maintenance of sterility of. 7ls 
sterile, 792 

Pipetting, metliod of, 909 
Piroplasms (see Babesiae) 

Pityriasis versicolor, 523 
Pityrosporum ovcde, 517 

in wild rata, 276 
immunisation aminst, 275 
Plaque te^que m tissue culture. 1034 
Plasma, ^icken, use of in tissue cultum, 

clots, explantation in, 1036 
membrane, 16, 19 
Plasmodia, differentiation of, 532 
malarial, 530 et tea 

If _ J* « * 


p^StS'SSiSf. ....... . 

Plasmolvaia. 20. 4A ^ Gramms methn/l #;ei * of 


640~"“* microscopy, 

regulations for fonar 

"lens, 580 apeci* 

Powassan virus, 459“^''“*^® ““nt. 869 
^°^n«6oeM.378 
matiale, 367 et um 

^ variation, 398 
^ . work, 788 ’ ™ *’®«enological 

P«> eryfcocyt.c phase in malaria, 530 « 
Preisz-Nocard bacillus 189 
Preparations. hangin^kiT 
unpression, 14 * 

staming of, 663 
of buffers, 850elfm. 

Stained, 13 ^ 

unstained, 13 

Preservation of complement 931 

of cultures, 805 etse^ * ^ 

medium for, 778 


Plasmolysis, 20, 40 
Plasmoptysis, 20, 40 
Plate culture microscope, 790 
cultures, 789 
Plating out, 789 
Pleomorphism, 28 
Pleurodynia, epidemic, 439 
PleuropnjMimonia-like organisms, 11, 45 , 

Pneumocoocua, 165 et teg. 
bile aolubility of, 164 
capsule awel&ig reaction of, 166 
umera^tion from Strept. widant, 

Itboratory diagnoria of, 167 
optochm aenaitivity of, 166 
Pneumonia due to adenoviniaea, 418 
primary atypical, 500 
Pneumonfe plague (lee Plague) 
Pneumomtia, frUne, 485 

mu^, 485 
Polar flag^, 23 

Poliomyefitia, 424 et teq. (see also PM), 
vtrut) 

controlled trials ttf vecdnet in, 598 
itmnumsctton against, 431 
dlMaotta trf, 430 

8taiii,68i 
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. ^ ^J^ram s method, 651 

tiaSm"" comple. 

pneumonia, 420, 500 

sensitivity test, 898 
stimulus, 119 

Ptophy^c mununiaation (see Immuni. 
Protection tests, 121 

Pmtective cabinet (see Inoculation hood) 
i^teolysis, tests for, 822 et sea ^ 

Proteus, 252 etseqe ^ , 

tncomtans, 255 

inhibition of swarminff of. 254 

mhabiHs, 253 

tnorgami, 253 

retigeri, 253 

vulgaris, 253 

X 19, 254 

XK, 254 

Protoplasm, bacterial, 16 
Protoplast, 16, 28 
Prototrophic bacteria, 89 
Protosoa, 529 et teg. 
tntesti^, 544 et teg. 
staining of, 671 
Pnmdmria, 255 

Psmdmonadaam, 45, 260 et teg. 
Psmd&monadales, 44 
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Fsetidfmoim, 45 
pseuihnuiUm, 263 
pyocyamm^ 260 . 

pyocine of, 261 
Pseudo^rabiea (Ameoak/s disease), 387 
Pseudotubercuhsis om, 189 
Psittacosis, 477 it 
PsychxopluHc bactena, 38 
Pulphy kidney disease, 319 
Pure culture, isolation of, 788 
Putrefactive spoilage of food, 987 
Pyocine production as a typing method, 
261 

Pyocyanin, 260 
Pyorubrin, 260 

Pyrexia of uncertain origin, investigation 
of, 573 

Q FEVER, 493 et seq. (see also Coxiella 
burnetii) 

Quartan malaria, 529 et seq. 

Rabbit fibroma virus, Shope*s, 380 
Rabbits, scarification of, 1007 
care of, etc., 1005 
myxomatosis of, 379 
Rabies, 466 et seq. 

Radiations, infiuence on bacteria, 40 
Ramsden eye-pieces, 616 
R antigen of streptococci, 150 
Rat-bite fever, 271 
Spirillum minus as a cause of, 270 
Sireptobacillus moniliformis, 291 
Rat, brown (in Weil’s disease), 359 
fleas in transmission of plague, 274 
Rats, care of, etc., 1015 
Rattus norvegicus (in Weil’s disease), 359 
Ent. histolytica in, 546 
Rayner’s cellophane method of freeze- 
drying, 808 

Receptor destroying enzyme (R.D.E.), 73 
Recombination, genetic, 93 
in viruses, 81 

Recording thermometer, 694 
Recrudescent typhus fever, 487, 491 (see 
also Rickettsiae) 

Rectal swabs, preparation of, 578 
Red blood cell suspension, standardisation 
of, 943 

Redox potential, 36, 854 
Red-water disease in cattle, 321 
fever in cattle, 536 

Reed and Muench’s method of deter- 
mining LD50, 880 
Refrigerated centrifuge, 864 
Reiter protein test, 348 ^ 

Reiter’s sytidronae, 175 
Relapsing fever, European, 353 et seq* 
Relitt staining (see negative staining and 
omsules) 

Reoviruses, 85, 422, 440 
Rqplica plate method to show bacterio- 
static and bactetictdal actxon, 899 
KqMroduction of bacteria, 26, 31, 88 
of viruses, 64 
Resazurin test, 980 
Resistance to infection, 100 


Resistaiice to transfor facton, 95 
Resolving pontsr mieitoscope^ 611 
Respiration, bacterial, 36 
Re^iratory tract Infections, diagnosis of 
557 ’ 

illness, ECHO viruses as ciuise of, 433 
et seq* 

infection, modes of spread, 109 
syncytial virus, 407 

Rheumatic fever (see Acute rheumatism) 
Rheumatoid arthritis, sheep cell agglu. 

tinadon test in, 912 
Rhinosporidiosis, 528 
JRhinosporidium seeberi, 528 
Rhinoviruses, 421 
RJuxopus, 504 
Ribosomes, 17 
Riboviruses, 58^ 

Rice starch 1 _ ir, 771 
water stool, 266 

Richardson’s method for preserving com- 
plement, ]931 
Rickettsia, 48, 487 et seq. 
conorii, 487 (see also Mediterranean 
fever) \ 

mooseri (syn. Wpfa*), 487 (see also 
murine endemic typhus) 
occurrence in arthropods, 490 
protoazekii, 487 (sec also Typhus fever) 
quintana, 487 (sec also Trench fever) 
rickettsii, 487 (see also Rocky Mountain 
spotted fever) 

rickettsii var. Pijperi, 487 (see also 
South African tick bite fever) 
tsutsugamuski, 487 (see also Scrub 
Typhus) i 

Weil-Felix reaction, 489 
Rickettsiaies, 1 1 , 48, 487 et seq. 
Rickettsialpox, 487, 492 
Riddell’s slide culture method for fungi, 
513 

Rideal-Wklker'test, 887 
Rift Valley Ptever, 460 
Rinderpest (Cattle plague), 413 
Ringer’s solution, ^0 
Ringworm (sec Tinea) 

Rol^rtson’s buUock-heait medium, 755 
Robinow’s method, 663 
Rocky Mountain spotted fever, 487, 491 
Romanowsky stains, 664 ef seq. 

Rooms, disinfection of, 712 
Rose- Waaler test, 915 
Rubarth’s disease, 419 
Rubella, 462 et seq. 
in pregnancy, 463 

Russtan spring-summer encephalitis, 458, 
459 


Sabin vaccine, 432, 598 
Sabour«ud*a modk, 768 
Saccharoly^ mtlage at food, 987 
Saline, azide, 859 
boiEte-calcsum, 859 
phosphate 858 

diluecit, 859 
Salines, buffeted, 858 
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SalivMT 1^, ^5 
vaoeiiMl,43l 

laboratory diagnosis of, 225 
fian^ooft, 234 
^Siiw«A224affa9. 
^atytMB,metu9. 

^atypf" C> ?24.rt m- 

phase determination of, 235 
schottmUllm (see S, fmatypfu B) 
serological identiiicatton of, 233 
?fcoin#^?o«,232,234 
typhi, 221 

bactenofmage typmg of, 223 
carriers of, 224 
typhmunum, 231 «« sag. 

Salt media, 74S _ „ « , 

for selective cultivation of Staphy- 
lococci, 748 

solutions, bidanced (for tissue culture), 
1027 

Sampling of milk, W 

Sanddies in transmission of disease, 459 

Sandfly fever (phlebotomus fever), 459 

Sandiford’s counterstain, 650 

S antigen, 403 

Saponin broth, 801 

Saprophytes, 3, 10 

Sardnat 41, 144 
lutea, 145 

Satcllitism, 214 _ 

Saukett strain of Pobovtrus komms, 425 
Scalpel, 792 

Scarifleation mediod of vaccination, 374 
Scarlet fever, 151 
Dick test for susceptibility to, 152 
Schultz-Charlton reaction in, 152 
Schaeffer md F)ilton’s mediod, 657 
Schaudinn's fluid, 676 , % 

Schick test, 183 ^ 

Schizogony, malaria, 530 ef seq. 
ScMzcmyctUtf 44 
Schizonta, malaria, 530 et lag. 
SchiziOrypamm mud, 536, 539 
SchOfowr’a dot^ 534 
staining of, 60 S 
Schultz-Charlmii reactiiin, 152 
Sclavo*s serum, 300 

Screw-capped bottles for culture mem, 
etc, (see Botdes, screw-cttiped) 
Screw micrometer eye-piece, 628 
Scrub typhus, 487, 491 
Secondary stkmihis, 119 
Sections, cuttifig of, 674 raff, 
tissue, fixation Mid embedding of, 67^ 
at 

ffemintj; 643 
Seitz filtm, 697 
Selenite F broth, 763 
Semi-solid agar, 743 
Semple vaecMie, 470 , , 

Sensitised erylhfoeyte lysie te*t ^ 1 ^^ 
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Sensitive w secondary, 898 

technique. 899 

tests, 891 et seq» 
for isoniazid, 903 


*«* MavasuoiCiiU, "yuj 

for para^aniinosalicylic acid, 902 
beparation of mixed cultures, 788 
Sera, preparatory treatment for haemag- 
glutination-inhibition tests, 944 
Serological methods, 906 
SerraUa, 46 
Serum agar, 746 
anaphylaxis, 129 
collection of, for media, 738 
dextmse agar with added antibiotics, 
765 

dilutions for Widal test, 908 
disease, 129 

estimation of streptomycin in, 903 
hepatitis (homologous serum jaundice), 
443 

sickness, 128 

treatment of, V. cholerae filtrate, 944 
periodate, 944 

use of in tissue culture, 1036 
-water, Hiss’s, 815 
starch, 816 
Settle plates, 993 
Seven-day fever, 364 
Sewage, examination of, 971 
membrane filter technique for, 972, 975 
concentration technique in, 976 
Sewer swab (Moore’s), 971 
Shadow casting, 640 
Shake cultures, 791 
inoculation of, 793 

Shaking with glass beads in preparation of 
cell-free extracts, 874 
Sheep, Black disease in, 321 
conta^ous pustular dermatitis of, 379 
foot-rot of, 290 
heartwater disease of, 492 
infection with Coxidla bumetiu 494 
louping ill, 458 

-pox, 378 . . j* 

Shelifi^, bacteriological examination of, 
985 

Shigella, 238 et seq. (see also Bacillary 
dysentery) , 

Shope rabbit fitbroma virus, 380 
Shwartzman phenomenon, 107, 132 
Sicilian strain of sandfly fever virus* 460 
Silver impregnation staining, 14 
Fontana’s method, 669 
Levaditi’s method, 670 
Simmons* citrate agar, 830 
Simple staining, 13, ^ 

Sin^ scratch mediod of vaccination, 374 

Sintered glass filters, 698 

Skin, disinfection of, 713 ' 

Slide aggiatinetion, 916 
coegidwe^^ 
counting 

eirtMoellulBt, 17. 21 
Slit wumpler, 993 
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Sto|»ed cultum, kiocubtion of, 992 
SkMiy ag«r, 743 
SmaUpoxt 367 ^ 

Uborato^ diajniotis of, 371 
vaccifiation, 372 H j«g. 

Smear prepmtiom (see Film, making of) 
Smegma biK^illtia, 208 
Sodmm aside medium, 782 
polyanethol sulphonate, 801 
Soduku, 292 
Soft Mte, 216 

Sohttiona, salt, balanced (for tissue 
culture), 1027 
Somatic anti|[m, 115 
Sonic stress, influence on bacteria, 40 
Sonne's dysentery bacillus, 238 st seq. 

colicine typing of, 241 
Sore diroat, acute, diagnosis of, 557 
Sound waves, exposure to, in preparation 
of celUfree extracts, 875 
Sources of infection, 108 
South African tick Inte fever, 487, 491 
South American blastomycosis, 525 
Specimens, bacteriological, collection of, 
554 ei seq, 

documentation of, in laboratory, 581 
virological, collection of, 582 et seq. 
Spectrophotometer, photoelectric, 866 
use of in measuring turbidity, 872 
Spermidine, 102 
Spermine, 102 

Sphaerophcrus necrophtmts^ 290 
Spheric aberration, 612 

**§pider*web** coagulum, 202 
SpmUaceae, 45 
Spirillum, 42 
minus, 270 

rat bite fever due to, 270 
Spuochaetales, 45, 48, 342 et seq. 
Spirochaetes, 342 et seq, 
culture media for. 771 
staining of, 343, 669 
Spirochaetosis of fowls, 352, 356 
Splenic fever (see Anthrax) 

Spoilage of fo^, 986 
Sporangiospoies, 503 
Sporai^um, 503 

Spore indicators of steriltsation, 694 
Spores, bacterial, 8, 26 
staining of, 656 
fungal, 503 et seq. 

Sporotrichosis, 523 
l^parotfiehum schendai, 523 
Spoftmoa, 530 ^ 

Sporoasoite, malaria, 530 €t seq. 

Spread of infection (see Modes of spread) 
Spreading factor ^ee Hyaluronidme) 
S^E mutation, 108. Ill 
Sub cultuiea, mocuiation of, 793 
Stained preparatiofis, 13 
Staining, acrd-^frin, 15, 652 at uq, 
beaded, 14 
Upidar, 14 

Of intracellular lipid, 661 
tissue sectioiis, 643 
methods, 642 et $eq. 


Stainingi negarive, 14ij645, 658 
reactions, 642 et leg. 
silver impremuition, 14, 660 et leg. 
simple, 13, 644 et sag. 

Standardisation of sh^ red blood cell 
suspension for haemolytic system 
933 

of red blood cell suspension for haemag. 
glutmation«tnhibiti(m tests in in* 
fiuenza, 943 

Staphylococci, 134 et seq, 
coagulsse test for, 137 
culture media for, 747 
food poisoning due to, 141 
laboratory diagnosis of, 142 
phage typing of, 145 
toxins of, 139-140 
Stapfyloceccus,kl, 134 et seq* 
tubus, 134, iM 
ascoformans, l41 
osirettf , 135 \ 
enmetniicus, 134 
citreus, 134, l4b 
culture media fpr, 747 
epidermidis, 134\ 144 
pyogenes, 135 ^ 

S^ch me^um. Hiss's serum<*water, 816 
Sraitionary phase of growth, 32 
Steam sterdiser, Ko^ (or Arnold), 686 
Sterigmata, 504 

SteriUsation by chemicals, 701 et seq. 
by filtration, 695 et seq* 
by heat, 679 et seq* 
factors influencing, 680 
dry, 682 
moist, 684 

by radiation, 695 et seq* 
by st^a^ 684 et seq* 
chemical indicatora of, 694 
indicators and autoclave controls, 693 
intermittent (sel Tyndailisation) 
mediodtipf, 67^ et seq* 
of culture media, 730 
^ su^6al instrumenta, 709 
^ syringes, 710 
vaccines, 718 

wrapped dry goods and surgical, 
dresadngs, 706 
^MMre indicators of, 694 
Sterilisers, pre-vacuum, 693 
Sterility, maintenance ol, 714 
tests for catgut, 720 
Stem's glycerol xesction, 821 
Stimulus, primary, 119 
secondary, 119 
Sndce's law, 58, 863 
Stomatitts, imhthous, 385 
vetictiiar, 473 
Stonebrink'i medsum, 754 
Storage aiid distribution of culture 
media, 723 et eeq* 

Stormy-dot reactioiito ill 
Stfai^m wire, 791 
long, 792 

Strsiis reaeriott, 262f 363< 
iSirtptotolto 

Streptoccxad, alidmbaati^ lv9« loo 
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anaerobic, 149, 15S 
•n^haetnoiyttc, 149, 157 
etitigemc diaractera of, 150 
beta haemolytic, 149 et seq. 
media lor cultivation of, 749 
•exological identification of, 159 at 

§gq, 

community control of infection with, 
156 

extraction of group*apecific antiaen 
159 ' 

gamma haemolytic, 149, 157 
group A, 149 et teq* 
group B, 154 
in bovine mastitii, 159 
group C, 154 
bi^emical types of, 159 
virulence of, 151 
group D, 157 
bi^micai types of, 155 
group G, 154 

group^-specific antigen, extraction of, 
Lancefield’a method, 159 
Fuller's method, 160 
groups, Lancefield's, 150 
in bovine mastitis, 159 
in water, 970 ^ 

occurrence in diseases of domestic 
animals, 154 
types of, 150 

Str^toeoceui, 41, 149 H^eq, 
agidaetiae, 154 
in bovine mastitis, 159 
bovis, 155 
dy^pdacHaet 159 
eqm^ 159 % 

eqmsimilht 159 

faecaUtf 157 , 

laboratory diagncm of, 158 
types of, 155 ^ 

faeciim, 155 

Uquqfadem, 155 * 

MO agglutination test, 911 
pyogenet^ 149 et tag. 
t^txadn tenaitivi^ of, 154 
laboratory diamosis, 153 
media for cultivatton of, 74 
aerdogical identificatton of, 159 
vifidmt, 149, 156-157 
diiieiwttatiQn from Pneumococcus, 
!56it66 

labmiory diittnoata of, 157 
aoMptdMrtif, 159 
Mymiumei, 155 

Streptelctnaae, ilae in clot culture, 803 
Streptolyabia, 151 , 

“aris?’" 

^frucitt, 30i • 

47, 48, 303 
Sttui4jnlni0M.319 
atraetmiil fraetioiwtian, 87S 
Stonf * nniiitm (modified). 773 

lot gHMoocctt^ 
aubacutt^bMMtid eodoiMfdto, 157 
Submi«filtfyidn|Mi.4<3 
OvibituiM Bj(C4 180 


Sudan black stain, 661 

Sugar media, 813 
Supra, dasaification < 813 
S dpho nyaidet, mode of action of, 889 
t^ of aenaitivitjr to, 894 
sulphur granules, 303 

for electron microaot^y. 

Surf^ naethod of viable count, 870 
15^^47**“*’ **®^’*y of, 720 
“Susa” i^dve, 676 
Slupendtng media, complex, 859 
for freeze-drying, 809 
Suspension an4 dilution of cells, fluids 
for, 857 

Suspensions, washed, 866 
Swabs, pemasal, preparation of, 579 
diagnosis of whooping-cough by. 219 
post-nasal, preparation of, 578 
preparation of, 578 
scrum-coated, 154, 242, 579 
Swamp fever, 365 
Swarming of proteus strains, 253 
Swwp plates, 994 

Swimming baths, bacteriological control 
of, 971 

Swine erysipelas, 191 
fever, 474 
influenza virus, 401 
-pox, 378 

Swineherds' disease, 365 
Syl vatic yellow fever, 455 
Sylvilagus branHenm^ 379 
Syndromes, laboratory diagnosis of com- 
mon infective, 554 
Synergism, antibiotic, tests for, 900 
Synthetic media, 739 
Syphilis, 342 et seq, (see also Treponema 
pallidum) 

flocculation tests for, 922 
laboratory diagnosis of, 345 
non-venereal, 349 
Syxmges, sterilisation of, 710 

Tabaxduxo, 487, 491 
Tabes dorsalis, 344 
TAB vaccine, 230 
controlled trial of, 599 
Talsan virus, 387 

Tanned Red Cell agglutination tests, 919 
T antigen of streptococci, 150 
Tap water, 856 
Teepol lactose agar, 759 
Tellurite malt agar, 769 
media, Andeison's, 750 
Hoyle's, 749 
McLeod's. 751 
malt agar (for fungi), 769 
Temperature, influence on bacterial 
growth A viability, 38 
Tertian malaria, 529 etseq. 

Teschen disease, 387, 441 

Test papers, indole and lead acetate, 835 

Tetanolysin, 328 

Tetano^asmin, 328 

Tetanus, 327 at ng. 
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Tetanus, active immuntsadon, 333 
antitoxin, 329, 332, 334 
antitoxin, t>recautions in administering, 
334 

immunisation against, 6S2 
laboratory diagnosis of, 330 
neonatorum, 330 
toxin, 328 
toxoid, 333 

Tetrathionate broth, 761 
Theileria parva, 536 
Therapeutic index, 886 

Substances Act, 200, 719, 720 
Hiermal death point, definition of, 39 
Thermocouple measurement of load 
temppature, 694 
Thermophilic bacteria, 38 
Thick wire, 792 
ThioglycoUate media, 756 
Throat swabs, collection of, 558 
. Thrush, 519 (see also Candida' albicans) 
Tick-borne enc^halitis complex, 458 
fever of sheep, 493 
Tinea, 505 et seq. 
fungi causing, 505 
in animals, 508 
laboratory diagnosis of, 508 
Tissue culture, antibiotics in, 1030 
antigens, 940 
apparatus for, 1026 
biological fluids and extracts in, 1036 
bovine embryo extract in, 1037 
cell strains for, 1032 
chick embryo extract in, 1037 
cultivation of cell strains for, 1030 et 
seq, 

detachment of cells from a culture on 
glass, 1033 

explimtation in plasma clots, 1036 
maintenance and feeding of cells, 1033 
media, 1027 
plaque techniques, 1034 
techmques, 1026 et seq, 
use of ascitic and pleural fluids in, 1037 
use of bovine amniotic fiuid in, 1037 
use of chicken plasma in, 1037 
use of monkey kidney cell, 1031 
use of serum in, 1036 
Tissue sections, staining of, 643 
fixation and embedding of, 674 et seq. 
Tissues, fresh, preparation of dzltures m 
cells from, 1030 et seq. 

Titration of antimicrobial agents in body 
fluids, 903 ^ 

Todd-Hewitt broth, 749 
Tomato juice medium, 752 
Tonsillitis, 151, 557 
Torres bodies, 455 

Tmda histolytica (see Cryptococcus nmn 
formans) 

Torulosis (tee Cryptococcosis) 

Total count of bacteria, 31, mb 
mtxofsm estimation as mmsurement of 
bacterial growth, 871 
Toxm^antttoxm asaey« 882 
Toxins, bacterial, tm 
diphtheria, 180 


Toxoids, 119 
diphtheria, 181 
tetanus, 334 
Toxoplasma gondii^ 551 
Toxoplasmosis, 551 

TPCr (TV. pcdUdum complemen 
fixation) test, 348 

TPI (TV. pamdum immobilisation) tes 
348 

Tradioma, 481 et seq. 

Transduction, phage-mediated, 92 
Transformation, 92 
Transfusion reactions, 131 
Transplantation antigens, 131 
Transport media, Bile peptone, 780 
Glycerol saline, 780 
Pike’s. 779 j 
Stuart’s, 779] 

Trench fever, 4S7, 492 
mouth, 353 \ 

Treponema, 342 et seq. 
carateum, 350 \ 
cumculi, 351 \ 
gemtahs, 351 \ 
gracile, 351 \ 

macrodentium, 351 
mkfodentium, 351 
nmcosum, 351 

pallidum, 342 (see also Syphilis) 
Immobilisation test, 348 
pertenue, 350 

Treponemataceae, 48, 342 et seq. 
Tributyrin agar, 388 
TRIC viruses, 483 
Trichomonas hominis, 550 
vagismUs, 551 
media for, 776 
Trichophyton equingm, 507 
inter<^tale, 507 
mentagrophytes, 507 
quinckeamm, 507 
rubrum, 507 
schoenleini, 507 
sulphstreum, 507 
tonsurans, 507 
verrucosum, 507 
violaceum, 507 
Tris buffer, 853 
Trombicula akamshi, 491 
deUensis, 491 

Trophosoite, malaria, 530 et seq. 
Tropical tore, 541, 543 
Trypanosoma hrueei, 540 
congolmse, 540 
cruxi, 539 
eqmmm, 541 
eqmperdsm, 540 
eeanif, 540.. 
gambieuse^SS? et seq. 

culture inedhnn for, 777 
letmi, 540 

thodesieme, 539 et seq. 
theileri, 541 
tfivax, 540 

Trypanofomtaris, 536 et seq. 
in afiimab, 540 
laboratory diapioaia of, 540 



Trypanosomiaaia, orgamama <iammg» 536 
vectofa 6£j 536, 539 
Tfypanotomidae^ 536 et »$q, 
niethod of concentrating in blood 
apecimen, 540 

Tae-tae fly (in txjpanoaoiniaBia) 538 
Tautaucamuahi fever, 487, 491 
Tuberde bacilli, 9, 34 
avian, 208 
in milk, 982 
micro-culture of, 204 
Naaaau*8 method for concentration, 
203 

Petroff *8 method (modifled) for con- 
centration, 203 

baciUua, B.C,0. atrain of, 206 
controlled trial of vaccine, 597 
bovine type, 196 
cultivation of, 202 et seq* 
human type, 194 et eeq, 
piscine, 209 
vole, 209 

controlled trial of vaccine of, 597 
Tuberculin teat, 199 
in cattle, 201 

Tuberculosis, B.C.G. vaccine in, 206, 597 
chemotherapy in, 206 
complement-flxation teat in, 205 
epidemiology of, 197 et seq, 
gastric lavage specimens, 204 
Ohon focus, 197 
haemagglutination teat in, 205 
laboratory diagnosis of, 201 et seq. 
laryngeal awab specimens, 204 
primary complex, 197 
prophylaxis of, 206 

controlled trial of vaccines in, 597 
vole vaccine in, 209 
controlled trials of, 597 
I Tube coagulase test, 136 
Durham fermentation, 50 
serial dilution, technique of sensitivity 
tests by, 899 

test for combined antibiotic action, 900 
Tubes, Brown’s opacity, 871 
Tubing of culture medium, 724 
Tularaemia, 279 

Turbidity of bacterial growth, estimation 
0^,871 

test for sterilised milk, 982 
2060 virus, 436 

Twort-d’Herelle phenomenon, 55 
Tyndailiaaticm, 2, 6S6 
T^hoid bactUua (see 5. typhi and 
Enteric fever) 

Typhus fever (epidemic), 487 (see also 
Rickettsiae) 

Weil-Felix reactton in, 489 
vaccines* 492 

U.F.A,W. RAHDBOCMC, 102i 
Ultracentriluge, 865 
Ultrasonic disintegrator, 875 
Ultra-violet radiation, 695 
UndttUmt lever, .280 el leg. (tee also 
Bmeeila) 

bfuceBin test m, 286 
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laboratory diagnosis of, 285 
Universal container, 724 
Unstained preparations, 13 

test for, 826 

Urethritis (see Gonorrhoea) 
non-specific, 175 
virus as cause of, 499 
Urmary Tract Infections, diagnosis of, 
563 

Urine, collection of, 563 
Uta, 543 


V ANTIGEN, 403 

V factor, 213 

Vaccination, smallpox, 2, 372 
as a diagnostic procedure, 372 
complications of, 376 
preparation of lymph for, 373 
technique of, 374 
Vaccine, TAB, 599 
Vaccine bath, 685, 718 
Vaccines, 120 

bacterial, administration, 718 
autogenous, 717 
preparation of, 717-718 
controlled field and laboratory studies 
of, 593 

Haffkine, 275 
whooping-cough, 594 
Vaccinia, 367 et seq, 

eczema vaccinatum due to, 377 
gangrenosa, 376 
generalised, 376 

preparation of vaccine l^^ph, 373 
role of virus in postvaccinial encephal- 
itis, 377 

Vaginal thrush, 519 (see also Candida) 
Vampire bat in rabies, 468 
Variation, bacterial, 88 et seq, 
drug resistance, 96 et seq, 

O-^D, 399 
P-Q-R, 398 
S-»-R, 108, 115 
Varicella, 388, et seq, 
laboratory diagnosis, 390 
relationship to zoster, 391 
Variola major, 370 (see also Smallpox) 
minor* 370 (see also Smallpox) 
sine eruptionc, 370 

V» cholerae filtrate treatment of seituxi* 

9 ^ 

VDRL flocculation test, 347, 923 
VeUlondlOt 42, 177 
parvuluj 177 

Venepuncture for blood culture, 800 

Venereal infection, modes of spread, 111 

Veronal-NaCl diluent, 859 

Verruca vulgaris, 471 

Verruga peruana, 501 

Vertene, 1033 

Vesicular exandiema, 474 

Vesicular stomatitts, 473 

Vi agj^otfatatiofi tel®, 911 
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Vi Antigen* 116* 222* 230* 257* 911 
Viable count of bactena* 31* 969 
Vibrio, 42 
bubuku, 270 
chdmu, 264 ot leg. 
cukute media m, 763 
transport medium for* 780 
cob; 270 

cooma (see V* duderae) 

El Tot, 269 
fetus, 269 
fsfuni, 270 
metchmkovi, 270 
phosphorescem, 270 
proteus, 270 
spuEgenus, 270 
fyrogemts, 270 

Vibrion sepUque (see CL septicum) 
Vincent’s infection* 108, 289* 352* 558 
Viral hepatitis, 443 et seq, 

Viraies, 11* 48, 367 et seq. 

Virion, 8* 11. 57 
Virology, branches of, 56 
Virulence* attentuation and exaltation of 
107 

biological measurements of, 877 et seq 
Virus A. 443 
B. 387, 444 
pneumonia* 420 
Viruses* 367 et seq, 
classification of* 83 et seq. 
cultivation of* 77* 1023 
diagnosis of infections by* 582 et seq. 
fundamental characters of* 56 et seq. 
general consideration of* 54 et seq, 
immunity to* 81 
main groups of, 71 

reaction to physical chemical agents, 63 
reproduction of* 64 
structure of* 58 et seq. 
transmission of infection with, 72 
‘^Viskap”, 802 
Vitamins, bacterial, 35 
Voges»Proakauer reaction, 818 
Vomtile antiseptics* 701 
Vole vaccine, 597 
Volutin granules* 17* 18 
staining of* 655 
Von Pirquet test, 200 
Vul VO- vaginitis, 174 


Warm stage for microscope, 627 
room, 794 
Warts, 471 

Wash^ suspensions, 866 
Washing of bacteria, 866 
Wassermann reaction, 346, 928 
test on cerebrospinal fluid, 936 
Water-borne infec^n, 111 
Water, chlorinated simplies* 969 
coliform bacilli in, %3 et seq., 
colleerion of specimens* 962 
demineralised, 857 
difimhttal coliform teetf 967 
distilled, 857 

enumeration of viable bacteria in, 967 


Water, i t of, 961 et seq, 

media for, 781 
Cl vMm, 970 

differential coliform test in, 967 
for Iqptospirae, 363 
concentration technique for, 976 
membrane Alter tedmique for, 972. 
975 

streptococci, 970 

neutralisation chlorine in samples. 
962 

non-chlorinated piped aupplies, 969 
presumptive coliform count, 963 
tap, 856 

unpiped rural supplies, 970 
Weigert’s modification of Gram’s method* 
650 

Weil-Felix ction* 254, 489 
Weil’s di8< 358 et seq, (see slso 

Lep\ _ ra) 

Laboratory liagnosis of, 360 
WetAhn, 13, 27 

weight of measuring bacterial 

gtpwth, pi 

Whey agglutini pon test for brucella* 984 
White caell rate, 564 

Whooping-cough, 217 et seq, (see also 
Bord, pertussis) 
laboratory diagnosis of* 218 
prophylaxis ot, 219, 594 et seq, 

Widal test, 907 

Willis and Hobbs’ medium, 257 
Wilson and Blair’s bismuth sulphite 
medium, 761 
Wire, long straight, 791 
loop, 791 
straight, 791 
thick, 792 

Wooden appBcatora, 578 
Wood’s lamp, 509 
Woody tongue disease, 307 
Wool-sorters’ disease, 297 
Wound infection, modes of spread, 110 
diagnosis of, 569 
swabs, preparation of, 578 
Wright’s (H. D.) method for infusion 
broth, 741 
H.) stain, 664 


X ANTIGENS, 246 
Xenodiagnosta, 539 
Xenopsym cheopis, in pisgue^ 274 
in murine typhus* 4^1 
X factor* 213 


Yaws* 350 
Forest* 543. 

Yeast extract* 736 
agar* 781 
mSSk agar* 781 
Yeaatt,^3 
padumenic* 516 
Ydtow imr. 453 el seq^ 
Ydk aac antigefii* 938 
inoculation* 
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Ziekl-NbbuIbn Main, 652 el seq. 
modified for demonstrating actino* 
mycotic “dubs", 660 
Zein agar, 770 
Zenker-formol fluid, 676 
Zenker’s fluid, 675 


Zoonom, 3 

Zoq>hilic dermatophytes. 507 
Zoster 388 a seq. 

laboratory di^nosis, 390 
Zygospore, 504 
Zygote, 531, 534 
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ZiEHL-NsmiBN ttain, 652 et 
modified for demonstratini 


mycotic “duW, 660 
Zein agar, 770 
Zenker-fonnol fluid, 676 
Zenker's fluid, 675 


Zoonoses, 3 

actino- Zoophilic dermatophytes, 507 
Zoster 388 a teq. 

laboratory di^osis, 390 
Zygospore, 504 
Zygote, 531, 534 



